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Space manufacturing Techniques: A Review
Kundan R Avchare, Amit Tarwani, Divyanshu Jain, Umesh Saini, Rajesh Purohit
Department of Mechanical Engineering, Maulana Azad National Institute of Technology (MANIT), Bhopal
Abstract- Space Manufacturing is the production of materials in 
the outer space, away from the atmospheric and gravitational 
disturbances of earth. The space consists of complete vacuum 
and zero gravity that can be employed for carrying out various 
manufacturing processes with much ease and greater efficiency, 
which cannot be performed on earth. In past few decades, space 
researchers and astronauts have explored number of ways in 
which space enviromnent can be utilized by the manufacturing 
industries to greater economic feasibility. This concept is still in 
its initial stages and currently many research and experiments are 
being carried out at the International Space Station (ISS).
Current paper describes the process of extraction of minerals 
and manufacturing of products from available resources in space. 
Different potential products that can be obtained through space 
manufacturing are also elaborated. It lias been concluded that 
feasibility of space manufacturing on large scale depends on the 
fact that how effectively challenges of cost capitalization will be 
reduced.
Index Terms- space manufacturing, lunar soil, near earth objects, 
vaccum
I. Introduction
Space manufacturing is the process of production of commodities outside earth’s atmosphere. This involves 
collection of raw materials from earth, moon or near earth 
objects, carrying these materials to manufacturing sites, 
processing and separating them into their pure form and then 
utilizing them for production of various products. Manufacturing 
of certain products on earth has few limitations in their 
methodology. Factors such as gravity, air tolerance, 
contamination, wind etc. are not present in outer space. These 
factors affect extensively the processes carried out on earth.
Ultra clean vacuum, absence of gravity, infinite heat sink 
and endless source of energy are advantages of manufacturing in 
space. Ultra clean vacuum makes it possible to manufacture 
highly pure pharmaceutical products, crystals and alloy, which 
are impossible to produce on earth. Zero gravity and the absence 
of air turbulence facilitate the handling of very large components 
and their assembly into giant structures, which is a challenging 
feat in earthly conditions. It also provides large sink for heat 
rejection. Abundance of heat energy is available from sun. 
Potentially hazardous processes can be performed in space with 
minimal risk to the enviromnent of the Earth or other planets.
The unique enviromnent of space is employed in various 
ways to carry out manufacturing efficiently. Microgravity helps 
in controlling convection in liquids and the gasses, that is, heat 
transfer in gases and liquid by the circulation of currents due to 
the difference in the densities. This eliminates the phenomenon
of mixing due to sedimentation. Hence diffusion is the primary 
method of material mixing and allowing immiscible materials to 
sufficiently intermixed. Microgravity also debars the use of 
supporters used for holding tilings like mold, etc. Surface tension 
is a contractive tendency of the surface of a liquid that allows it 
to resist an external force. The absence of the gravity results in 
formation of perfectly round spheres of liquids as shown in the 
figure. This is helpful in applications requiring perfect liquid 
spheres, e.g. manufacturing through droplet deposition
Never ending shades in space aids with temperatures as low 
as reaching absolute zero. Storing of materials is easy in these 
cold shades. They can also be used for condensation of vapors in 
electrophoresis to obtain pure separated out metals.
Manufacturing in the space enviromnent is expected to be 
beneficial for production of a variety of products. This process, 
in order to be self-sustaining and beneficial to society, needs to 
be economically profitable. The most significant cost is 
overcoming the energy hurdle for boosting materials into orbit. 
Once this barrier is significantly reduced in cost per kilogram 
the entry price for space manufacturing can make it much more 
attractive to entrepreneurs.
Economic requirements of space manufacturing imply a 
need to collect the required raw materials at a minimum energy 
cost. The economical movement of material in space is directly 
proportional to the change in velocity required to move from the 
mining sites to the manufacturing plants. Near-Earth asteroids 
and the lunar surface have a much lower change in velocity as 
compared to launching the materials from the surface of the 
Earth to Earth orbit.
Significant work lias been done on space manufacturing at 
international space station and various mission conducted by 
NASA. During the Soyuz 6 mission. Russian astronauts 
performed the first welding experiments in space. Three different 
welding processes were tested using a hardware unit called 
Vulcan. The tests included welding aluminum, titanium, and 
stainless steel. The Skylab mission, launched in May 1973, 
served as a laboratory to perform various space manufacturing 
experiments. The station was equipped with a materials 
processing facility that included a multi-purpose electric furnace, 
a crystal growth chamber, and an electron beam gun. Among the 
experiments to be performed was research on molten metal 
processing; photographing the behavior of ignited materials in 
zero-gravity; crystal growth; processing of 
immiscible alloys: brazing of stainless steel tubes, electron beam 
welding, and the formation of spheres from molten metal. In 
February 1994 and September 1995, the Wake Shield 
Facility was carried into orbit by the Space Shuttle. This 
demonstration platform used the vacuum created in the orbital 
wake to manufacture thin films of gallium 
arsenide and aluminum gallium arsenide.
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Through this review paper, concept of space manufacturing has 
been discussed in detail. Various sources of raw materials 
available for manufacturing in outer space are described. The 
advantages offered by space in processing and separation 
techniques are also reviewed. Different potential products that 
can be obtained through these techniques are also elaborated in 
the present work.
II. SOURCES OF RAW MATERIAL
Manufacturing requires raw materials as a primary input to 
be processed and give out desired output. Manufacturing 
processes when carried out in space will also require such 
feedstock to be performed on. Since, transportation of mass from 
earth’s surface is a challenging task in terms of cost and energy, 
other alternative sources needs to be explored to provide raw 
material discussed below-
1. Raw material from moon-The analysis of samples 
brought back from moon and a comparison of the physical and
chemical processes operating on the Moon and on the Earth 
provides a basis for predicting both the possible types of material 
resources (especially minerals and rocks) and the physical 
characteristics of ore deposits potentially available on the moon
[1]. The main mineral present on the lunar soil is Anorthite 
(CaAl2Si20 8), "Olivine" (predominantly magnesium and iron 
silicates,Mg2Si04 and Fe2Si04), ilmenite (FeTi03) and pyroxenes 
(MgSi03, CaSi03, FeSi03) [2], Metals (Fe, Ti, Al, Mg and Ca) 
are found as metal oxides. Oxygen is the main constituent of all 
minerals which is mainly present in form of oxides of metals and 
non-metals (Si02).
Anorthite can be considered to be a potential aluminum ore 
from which it may be economically feasible to extract the metal. 
Calcium is the fourth most abundant element in the lunar 
highland. Titanium and iron can be commercially extracted from 
ilmenite. Oxygen and silicon can be extracted from Olivine, 
Pyroxenes and Anorthosite.
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Figure 1. Composition of Lunar Soil
2. Material from Near Earth Objects (NEO’s) - These are 
objects that have been nudged by the gravitational attraction of 
nearby planets into orbits that allow them to enter the Earth's 
neighborhood. They include a few thousand near-Earth asteroids 
(NEA’s), near-Earth comets. a number of solar- 
orbiting spacecraft, and meteoroids large enough to be tracked in 
space before striking the Earth.
Composed mostly of water ice with embedded dust particles, 
comets originally formed in the cold outer planetary system 
while most of the rocky asteroids formed in the warmer inner
www.ijsrp.org
solar system between the orbits of Mars and Jupiter. The 
composition of an NEO depends upon its origin, but almost all 
asteroids contain some free metals. Predominantly Nickel-Iron- 
Cobalt ally and platinum which can be used as construction 
material. Water from asteroids is a key resource in space. Water 
can be converted to rocket propellant or supply the need of 
humans living on Earth. In addition to water, other volatiles such 
as N2, CO, C02 and Methane exist in quantity sufficient to 
warrant extraction and utilization. The composition of an NEO 
can be determined by telescopic reflectance spectroscopy [3],
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Figure 2. NEO population data as of 2006[4J
III. SEPARATION OF MINERALS AND EXTRACTION 
OF METALS
Raw materials obtained from moon or NEO’s are then 
further subjected to separation processes, which separate 
different constituents of raw material. Minerals can be separated 
on the basis of difference in their magnetic, physical, chemical, 
electrical or metallurgical property. Various processes that can be 
used in space for separation are described below.
Thermal Extraction of Volatiles - This process can be used 
for the extraction of Water, Oxygen Sulphur, Carbon and other 
volatile elements. Raw material is heated in large solar ovens by 
concentrating solar energy using mirrors which evaporates 
volatile component. These volatiles are in turn refrozen (no need 
for refrigeration - just a shadow will do it in space) in tanks put 
in series such that furthest one away is coldest. So the component 
freezes in different tanks depending upon the difference in the 
freezing point[5].
IC E
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Figure 3. Thermal Extraction of Volatiles
Electrolytic extraction - Electrolysis is a process which 
uses electric voltage and current to separate minerals into metals, 
oxygen and any desired oxides. In this process, two electrodes 
are placed in molten mineral and a potential difference is applied. 
The metals move towards the negative electrode (cathode) and 
the oxygen towards the positive electrode (anode). Electrolysis 
can also be used to split up a mineral into metal oxide rather than 
pure metal, e.g., for making special ceramics. Careful selection 
of electrode voltages, currents, temperature, and optional 
additives to the melt can tune the process to extract certain
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desired substances. Researchers have successfully electrolyzed a 
variety of synthetic lunar materials with no additives whatsoever, 
as well as by adding small quantities of salts (e.g., calcium 
carbonate, sulfides).
Because of the effects of vacuum on the vapor pressures of 
metals at various temperatures, metals will be liberated at the 
cathode in solid, liquid and vapor form. Aluminum, calcium, 
sodium, potassium and manganese would be in vapor form, iron 
and silicon may be liquid or solid depending on bath 
temperature, while titanium will deposit on the cathode in solid 
form."
Electrophoresis - Electrophoresis is defined as migration of 
charged ion in external electric field. In a solution electric current 
is passed between electrodes and is carried by ions. The negative 
electrode - cathode donates electrons and positive electrode - 
anode takes up the electrons to complete the circuit. Cations 
(positively charged ions) move toward cathode and anions 
(negatively charged ions) move toward anode due to presence of 
external electric field.
Now, if mineral grains (to be separated) are placed in 
between the electrodes, then they will get suspended due to zero 
gravity enviromnent. Electric charges will pass through the fluid 
from one electrode to the other, and the minerals will collect 
electric charge. Due to the differing molecular natures of the 
different mineral types, each will accumulate a different net 
electric charge with respect to the fluid. The different minerals 
will migrate through the fluid to a certain position between the 
two walls and between other types of minerals of higher and 
lower "isoelectric" values. Each type of mineral will form a plane 
of material parallel to the two walls and parallel to planes of the 
other mineral types.
Electrophoresis on Earth is limited to very lightweight 
materials. When it is used, it is performed with difficulty and 
limited effectiveness because of Earth's gravity, which causes 
convection currents, as well as Gravitational settling, but in space 
it can be conveniently used as a process for separation of 
different mineral.
( 2)S U S P E ^ S IO N
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Figure 4: Electrophoresis
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Magnetic beneficiation - Grinding of the material is done in 
order to break it into smaller parts. After this streams of material 
are passed through a magnetic field to separate out the magnetic 
granules such as nickel and iron from the silicate and other non­
magnetic particles. Even after grinding some silicate particles are 
still attached to the magnetic particles, impact grinders and 
repeated cycling is used to separate out all silicate particles and 
obtain a pure form of nickel-iron particles [1].
The stream of particles is dropped on magnetic drums as 
shown. The silicates and other non-magnetic particles deflect off 
from the drums whereas magnetic particles and particles holding
magnetic grains stick to the drum and finally removed away by a 
scrapper.
‘Impact grinder’ is an equipment which consists of a very 
rapidly spinning wheel that accelerates the scrapped off materials 
through the spokes and hurl forcibly on an impact block. 
Magnetic particles containing scrap attached to silicate materials 
are shattered off to free metal. Most of the shattered silicate 
particles are small enough which can be sieved away.
These fine particles are again passed over through a magnetic 
drum where the silicate particles get separated out from the 
magnetic particles and giving highly pure nickel iron metal.
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The use of this technique is dependent on the gravity. Hence, 
in order to utilize this for the separation of materials in space, an 
artificial gravity will be required which can be easily developed
by centrifuges and of any required sensitivity. The vacuum of 
space is beneficial since no air turbulence is present that can 
disturb the stream of materials dropping on the drum.
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Figure 5. Magnetic Beneficiation
Electrostatic beneficiation -
The material will be initially sieved by screens to separate 
grains by size. Optionally, the grains of each given size can be 
passed through the appropriately sized mechanical grinders and 
sieved again for uniformity.
The next step is to separate the mineral grains by a process 
called "electrostatic beneficiation", which means charging them 
with static electricity and separating them by passing them 
through an electric field[6].
The working principle of an electrostatic beneficiator is the 
different minerals have different electrostatic affinities, that is, 
they absorb different amount of electric charge depending upon 
their composition, and hence are deflected to different amounts 
by an electric field. After sieving by size, they are placed in 
beneficiator and passed through it number of times to obtain pure 
separated minerals.
Grains are dropped freely through the electric field in the 
beneficiators. Different methods are also utilized such as passing 
the grains down a ramp or putting them across rotating drums 
with certain electrostatic charge. Grains with certain affinity 
sticks to the drum and other fall to the ground due to centrifugal 
force or gravity.
Different minerals respond differently to different processes, 
hence, charging of grains depends on mineral to be separated. 
The grains are charged using following methods;
1) Charging the sieve through which they are passed
2) Charging the ramp on which they are passed.
The separated material in collected in different bins kept at 
the bottom.
Use of electrostatic separation in space is very efficient since 
vacuum in space means no air turbulence in the drop chamber 
and no tolerance to the electric field. No moisture is present to 
make the grains stick together. The microgravity greatly effects 
the fall of materials through the electric field, thereby greatly 
enhancing the separation. If the beneficiation is carried out in 
orbit, artificial gravity by using centrifuges can be created.
Floatation - Just vibrating a bed of same sized grains will 
separate mineral grains into layers fairly well based on their 
"weight" in a centrifuge or in lunar gravity. The denser grains fall 
to the bottom.
Pouring material into a liquid of intermediate density will 
quickly separate a desired grain by floatation, though it must be 
dried thereafter and the fluid recycled. Floatation can be fine- 
tuned based on the theory discussed below.
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In orbital space, zero gravity helps in this process, as a centrifuge 
can provide different levels of artificial gravity as different 
minerals settle at different rates[3].
IV. MANUFACTURING PROCESSES
Micro Gravity and contamination free environment of space 
make it possible to perform various unique manufacturing 
processes such as Containerless processing and droplet 
deposition that can’t be done on earth’s surface. Welding and 
Cutting operations give better results when performed in space. 
Manufacturing processes that can be performed in space are 
discussed below.
Welding - Welding in space is very effective process for 
joining material because of zero gravity and vacuum. In addition 
to initial construction task, long term operations in space will 
require performance on maintenance task such as repair of 
micrometeoroid damage, leaking fluid line etc. These tasks will 
require welding[7]. Since no contamination is present in space, 
hence no oxidation of material will take place which result less 
porous and brittle material formation. There is no need of using 
inert gas for shielding in space. The main benefit is in the 
welding of chemically reactive metals such as titanium. Titanium 
is so reactive that it cannot be welded on earth even using an 
inert gas blanket (TIG and MIG). The only way to weld titanium 
on earth is to completely encase it in an inert atmosphere.
Welding in space is not a revolutionary concept. Since the 
1960s the former USSR and the United States have been 
conducting experiments in space welding. In 1969 the "Vulcan" 
automatic welder was launched on Soyuz 6 to compare three 
types of welding for potential space application: Electron beam, 
low-pressure constricted plasma jet, and consumable electrode 
(stick welding). As a result of the Vulcan project, the Soviets 
concluded that electron beam welding was the most promising 
process due to its versatility and low power consumption
Electron Beam Welding (EBW) is a fusion joining process 
that produces a weld by impinging a beam of high energy 
electrons to heat the weld joint. EB welding requires only an 
electron gun and a source of electricity for the fusion .It can weld 
massive thicknesses and works BEST in a vacuum.
Friction stir welding also possesses a great potential to be 
used in space as a joining process. It is a solid state welding 
process where a machine rotates, plunges, and then traverses a 
special shaped FSW Tool along a joint to form a weld. The 
rotation action and the specific geometry of the FSW tool 
generates friction and mechanical working of the material which 
in turn generate the heat and the mixing necessary to transport 
material from one side of the joint line to the other[9]. Friction 
stir welding results in ductile and strong joint and it is almost 
perfect for space application. There is no splatter, it is utterly 
insensitive to the atmosphere and can weld thick or thin pieces at 
excellent production rates.
Figure 6. Electron beam welding: (a) process; (b) keyhole
Figure 7. Friction Stir Welding
Powder metallurgy - Powder metallurgy is the process of 
blending fine powdered materials, pressing them into a desired 
shape or form (compacting), and then heating the compressed 
material in a controlled atmosphere to bond the material 
(sintering). The powder metallurgy process generally consists of 
four basic steps: powder manufacture, powder blending, 
compacting, and sintering. Lubricants may be required to 
separate pressed parts from the die. The absence of atmosphere 
in space prevents the formation of oxides or other contaminating 
layers on the powders and thus may promote the formation of 
high quality parts.
An alternating process for forming object of metals is to 
compress and heat a metal powder in a mould. Iron powder 
derived from the metal in lunar soil or from byproducts of 
oxygen extraction may be molded in this manner for small 
manufactured items.
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As shown in figure 8 we use three ways in which the 
technique might be used. A metal powder and a binder powder 
are formed into “clay” and extruded. This clay is then used solid 
forms in a mold to shape intricate internal structures by molding 
metal powder around a meltable form or to make complex 
shapes .which are then treated .Similar techniques could be used 
for ceramics.
Cutting in Space - Machining in space can be done either 
by electron beams or particle beams [5],Electron beam 
machining involves a highly energized and focused beam of 
electrons heating the metal and vaporizing it. It uses a cathode of 
titanium or tantalum to produce free electrons and a pattern of 
electrostatic and magnetic fields to focus the beam at a spot. 
Vacuum is favorable for this process since the collision of 
electrons with air molecules and the oxidization of cathode is 
minimized. Since there is no mechanical contact between tool 
and work piece the process is favorable in space as there is no 
tool wear and no occurrence of “cold welding” between tool and 
work piece -  which can be a problem with other conventional 
machining processes [11]. Particle beam and ion beam 
machining processes are similar processes which use neutral 
particles or charged ions in a similar setup to for machining. 
Figure 9 shows the schematic diagram for such a setup. The 
electron beam generated from the cathode is first focused by the 
focusing coil and then deflected by the deflecting coil to a 
particular point in the workpiece where machining is to be 
performed.
Figure 9. Electron Beam Machining [12]
Containerless Processing - The virtual absence of 
hydrostatic pressure in microgravity allows liquids to be confined 
solely by their surface tension without any contact with the 
container walls eliminating contaminants that may be introduces 
by these walls and thus giving ultrapure materials. This is an 
important process for materials prone to corrosion in the melt. 
Elimination of container-induced nucleation also permits melts to 
be deeply undercooled before solidification thus offering 
possibility of studying homogeneous nucleation and 
solidification of undercooled melts. Such solidification can be 
extremely rapid and may produce unique microstructures or 
amorphous phase in metals. The range of glass formation may be 
extended to borderline glass formation systems, which may result 
in new glasses with unusual properties formed by melts confined 
only by surface tension having perfectly pristine surfaces 
undamaged by grinding or other shaping processes [13],
A metal sample was processed by TEMPUS (Tiegelfreies 
Elektromagnetisches Prozessieren Unter Schwerelosigkeit), an 
electromagnetic levitation facility developed by German 
researchers and flown on the IML-2 and MSL-1 and 1R Spacelab 
missions. Electromagnetic levitation was used to form a spherical 
sample of 1 cm (2/5 inch) in diameter (FigurelO) [14], Acoustic 
levitation is another technique being developed for the 
manipulation and control of melt in case of non-magnetic 
material [15],These techniques can be used to position the melt 
in enclosures for zone melting, casting, and crystal growing, 
casting of composites and casting materials with dispersed voids.
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Figure 10. Sample from TEMPUS
3-D Printing - Also known as “additive manufacturing” is 
the process of making 3-dimensional objects of virtually any 
shape from a digital model. It is achieved by an additive process 
where successive layers of material are laid down in different 
shapes. Since there is no wastage of material as in other 
“subtractive machining” processes much energy can be saved in 
transportation of raw materials from their sources. Also, 
microgravity is favorable for 3-D printing since gravity lias 
adverse effects on the process of layer formation. Currently, 
NASA is conducting tests for sending a 3-D printer to ISS where 
it will be useful in making basic items such as hand tools and 
other “on demand” complicated devices. Rocket parts made by 3 - 
D printers have passed tests on high temperatures. A printer that 
can print food items is also being developed. This will provide 
food for long manned missions and future space colonies.
Vapor and Droplet deposition-Vapor and droplet 
deposition comes under additive manufacturing. This technique 
is used to build solid parts by deposition of layers of materials on 
over the other.
Droplet-based manufacturing (DBM) processes are 
promising production techniques for metallic pans and coatings 
with unique properties. In DBM processes, molten metal droplets 
are produced and deposited onto a substrate where they solidify 
to form near-net-shapes [16], The quality of parts formed using 
such processes depends on the precise control of droplet size, 
flux, velocity and temperature.
Droplet deposition is a technique for producing unique parts 
by melting metals and without using a mold. This is carried out 
by small increments of material to a structure and building it up 
into any desired shape. This process is also called as rapid 
prototyping. Droplet deposition employs a computerize system to 
move the droplet depositor. Creating a new part will require just 
reprogramming the computer.
Vapor deposition uses electron beam to vaporize a metal 
sheet and these vapors are sputtered off onto a mold. A magnetic 
field is employed to control and paint the mold. Parts of any 
shapes and sizes can be created with easy and purity.
Recent researches have showed that utilizing these 
techniques in outer space to produce various parts are very 
beneficial and efficient due to the unique enviromnent provided 
by the space. The energy for the vaporization and melting of the 
metals can be obtained directly by solar ovens trapping rays from 
the sun using huge mirrors [5], When Vapor deposition carried 
out on earth, oxygen hinders the process and results in 
embrittlement in the part produced, hence necessitating the 
development of special environments. In space there is no such 
need since it provides pure vacuum. Under zero gravity there is 
no need of using a supporter to support the mold and the part 
during the process of deposition.
V. PRODUCTS FROM SPACE MANUFACTURING
Space manufacturing technique lias opened a new avenue for 
manufacturing of ultrapure product that cannot be easily 
manufactured on earth. There are a number of useful products 
that can potentially be manufactured in space and result in an 
economic benefit. Research and development is required to 
determine the best commodities to be produced, and to find 
efficient production methods. Potential products that can be 
obtained from space manufacturing technique are 
semiconductors, pharmaceutical products, metal alloy and 
MEMS. ’
Semiconductors - Manufacturing of semiconductor require 
clean environment that is available in space. Mostly 
semiconductors are made from extremely pure silicon. Raw 
material (silicon) require for manufacturing of semiconductor 
can be obtained from lunar soil (Silica is the second abundant 
material found on lunar soil) [1]. semiconductor can be used for 
manufacturing of large solar arrays that supply power to continue 
various operations in space.
Pharmaceutical products - Observation and experiments 
in space have provided crucial medical insights and 
breakthroughs, as well as revolutions in medical monitoring. 
Continued breakthroughs are to be expected, especially with 
respect to the human aging.
Over the last 20 years, experiments done onboard NASA's 
shuttles have proven that pharmaceuticals produced in space 
have purities far higher than any produced on Earth. The new 
medicines developed and manufactured on Space Island Stations 
and Geodes will completely change the way we treat illness. 
Lives could be saved and the pain and suffering which could be 
eliminated could become our greatest gift to Mankind's future 
[17].
The products formed in the pharmaceutical industries such 
as medicine or drugs are formed easily and are free from 
contamination in space which results in high accuracy and better 
quality products.
The current potential products in pharmaceutical industries 
are protein crystal, bacterial growth, microencapsulation, zeolites 
and aerogels. Protein crystal is the best developed application; 
bacterial growth is faster in space whereas zeolites are widely 
used in chemical industries. Microencapsulation is widely used
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technique on earth for delivering cells and also drugs into the 
body for medical treatment which is much efficient in space. 
Aerogels are usually made on earth but there has been research 
going how their formation differ in microgravity.
Metal alloys - Alloys are produced by melting and mixing 
different substances into new combinations, then cooling and 
solidifying the resulting blend. Formation of alloy is affected by 
gravity because heavier elements in alloy sink and occupy lower 
position. This is why manufacturing alloy of varying densities 
such as gold and germanium is not possible on earth. Also, 
crystal structure of some alloy form imperfectly on earth. This 
problem can be completely eliminated by manufacturing alloy in 
space.
VI. C o n c l u s io n
Although there is a vast scope of space manufacturing in 
various fields related to pharmaceuticals, alloy manufacturing, 
semiconductors, MEMS and space exploration as discussed in 
this paper but still it faces a challenge of cost capitalization of 
commencing such a self-sustaining facility. Once set, raw 
materials can be then mined from sources like moon and other 
near earth objects like asteroids and comets. The compositions of 
these sources have been studied by various probes in the past.
Raw materials which are not available on non-terrestrial 
sources pose a great difficulty to be transferred to the orbit. 
Biggest hurdle being the substantial amount of energy required to 
boost materials into orbit. Advancements in the direction of 
reducing the energy barrier for this are required. Strategies are 
required for reuse and recycle of fragments of satellites and space 
which can otherwise be deleterious for other satellites and 
shuttles. Development of a completely self-sustaining human 
habitat in outer space is required in case of facilities with a 
human crew. Use of telecheric devices as labor is also an 
alternative but the speed-of-light constraint on communication 
needs to be worked on.
The resources on earth are limited and the needs of 
humankind are constantly increasing, space manufacturing can 
play a vital role in fulfilling these demands and also providing 
for technological advancements and our future space endeavors.
[2] H.H. Kolle Pilot Production at moon base,(6-6-2000)
[3] Marcia L Nelson, Daniel T Britt, Larry A .review of asteroid composition.
[4] Faith Vilas, Resource from Asteroids (MMT 0bservatory)2010
[5] http://www.pemianent.com
[6] Minkang tang, Liqian wang and Zhigui Lin.A novel electrostatic 
precipitator.2013
[7] Michael p. j. Benfield.Intemational joint venture in space: the international 
space welding experiment, (vol 3)
[8] http://www.sapiensnian.coni/tools_and_equipnient/equipnient_store223.php
[9] R.Nandan,T.Debroy,H.K.D.H.Bhadeshia,Recent advances in friction stir 
welding-process weldment structure and properties, progress in materials 
science 53(2008) 980-1023
[10] http://upload.wikimedia.Org/wikipedia/commons/c/c2/Aasm-fig4-16.gif
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Applications.1976
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Abstract- The brandling pattern of the retinal blood vessel 
system resembles fractal, a geometrical pattern whose parts 
resemble the whole. A new algorithm explains flow analysis of 
the retina in a recursive manner. The Box Counting method and 
the Sausage method are used to find out the dimensions of the 
normal and affected retina in an accurate manner. This fractal 
approach led to very promising results which improved the 
analysis of retinal diseases.
Index Terms- Box-Counting method. Fractals, Retina, Sausage 
method.
I. Introduction
In this paper we describe the way of finding the fractal dimension for both left and right vision of normal and 
abnormal retina using images and the model of retina blood 
vessel using fractals.
A. FRACTALS
A fractal is "a rough or fragmented geometric shape that can 
be subdivided into various parts, each of which is (at least 
approximately) a reduced-size copy of the whole". A fractal is an 
object which appears self-similar under varying degrees of 
magnification, and also an object with its own fractal dimension. 
Fractals themselves have their own dimension, which is usually a 
non-integer dimension that greater than their topological 
dimension DT and less than their Euclidean dimension DE. Self­
similarity is the major characteristic of the fractal objects 
[3],Fractal objects and process are therefore said to display ‘self­
invariant’ (self-similar or self-affine) properties. Fractal 
structures do not have single length scale, while fractal process 
(time-series) cannot be characterized by a single-time scale. A 
suspected fractal object is examined by the box counting 
dimension. Let F be any non-empty bounded subset of Rn and let
N s (f ) ke t]ie smaiiest number of sets of diameter almost ^ 
which can cover F, the box dimension of F 
lo g  N a O  )
d i m  _  / '  =  l i m  —
lo g  S
where A denotes the area in pixels. The slope ks of the regression 
line of the double logarithmic plot of the counted pixels with 
respect to the radii give
D s =  2 — k s
The estimated fractal capacity dimension is Ds.
B. HUMAN RETINA
Sausage method or boundary dilation method is very closely
related to the Minkowski dimension. The images were dilated
with circles of increasing diameter. As an approximation for a
circle we once again used the boxes with pixel sizes of
1 x 1, 3 x 3, 5 x 5,...,17 x 17 ,’ ’ ’ ’ the corresponding approximated
radius r in pixels was calculated by
Figure-1 Human retina
Human Retina is an ultra-thin, soft and transparent sheet 
lining the inner surface at the back of the eye (like a thin light 
sensitive film), receives light and changes it into electrical 
signals which are then transmitted to the brain by the optic nerve. 
The most light-sensitive part of the retina is a tiny spot called the 
macula and this is where the vision is at its sharpest. Due to the 
laws of optics, the image formed on the retina is actually upside- 
down; it is the brain which adjusts it to make it appear the right 
way up (Figure-1). Retina is the only part in the human body 
where blood vessels and their circulation observed live giving 
useful insights into many vascular processes. The pattern of 
vessels in each person is unique and this property is being 
increasingly utilized for identification through rapid retina scans 
at security points. The retinal blood vessel system resembles 
fractal which satisfies the characteristics of fractal properties [5, 
6], Nowadays retinal diseases are spreading widely which in turn 
leads to the loss of vision too. This paper predicts the dimension 
for the normal and abnormal retina using image analysis for both 
left and right vision.
r = { A / x )lf2
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II. ALGORITHM
The algorithm indicates the traversing of the blood flow in 
the blood vessel of the human retina in a recursive manner that 
acts a model for fractal.
Flood-fill (node, target-vessel, replacement-vessel):
1. If the vessel of node is not equal to target-vessel, return.
2. Set the vessel of node to replacement-vessel.
3. Perform Flood-fill (one step to the west of node, target- 
vessel, replacement-vessel).
Perform Flood-fill (one step to the east of node, target- 
vessel, replacement-vessel).
Perform Flood-fill (one step to the north of node, target- 
vessel, replacement-vessel).
Perform Flood-fill (one step to the south of node, target- 
vessel, replacement-vessel).
4. Return.
The above algorithm lias been programmed and run by using 
C++ [1],
III. DISTANCE MEASURE 
Distance measure is the distance from the centre of mass to
the perimeter point ^ . So the radial distance is defined as
d(i) = y l(x( i) -x)2 + (v(/) -  y f
i=0, 1,2, .N-l
Here is a vector obtained by the distance measure of the
" r(i)boundary pixels. A normalized vector ' is obtained by
dividing c^ '   ^ by the maximum value of c^ '   ^[2],
The quantitative parameters such as Area, Perimeter, 
Formfactor and Invaslog can found out using Sausage method. 
Perimeter stands for the sum of all individual perimeters of all 
individual objects in the image and was calculated 
correspondingly.
Formfactor = 4 n  Area/  perimeter 2 
Invaslog = — los( Formfactor)
The value of Invaslog has been specially proven to be a 
strong quantitative measure for the invasiveness.
IV. RESULTS BASED ON REINAL IMAGES 
The dimension D of the retinal images have been estimated 
using Box-counting Method and Sausage Method
(P s ) xhe amount of invasiveness is found out by Form Factor 
and Invaslog. The above factors have been calculated for the 
normal as well as abnormal image for both left and right 
retina [4], The table 1 and table 2 depict the dimension for normal 
retinal image and table 3 and table 4 for abnormal retinal image 
from the images given below. (Figure-2,3 and 4)
Figure-3 Abnormal Image of Right retina Figure-4 Abnormal Image of left retina
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Table -1. Box-Counting Method
Right eye image Left eye image
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D
b
2 68156 1080 69236 0.734 0.134 68395 1190 69585 0.607 0.217
3 30053 939 30992 0.428 0.369 30092 1071 31163 0.330 0.481
4 16778 749 17527 0.376 0.425 16799 838 17637 0.301 0.521
5 10662 603 11265 0.368 0.434 10670 679 11349 0.291 0.536
6 7381 481 7862 0.401 0.397 1.9750 7373 534 7907 0.325 0.488 1.9739
7 5386 419.1429 5805.1431 0.385 0.415 5382 456 5838 0.325 0.488
8 4105 369 4474 0.379 0.421 4106 400 4506 0.322 0.492
9 3218 323.6666 3541.6665 0.386 0.413 3214 348.3333 3562.3333 0.333 0.478
10 2593 290 2883 0.387 0.412 2592 315 2907 0.328 0.484
Table - 2. Sausage method
Right eye image Left eye image
Scaling
Area Radius K s
D s
= 2 ~ K S
Area Radius K s
D s
= 2 ~ K S
3 2923 30.503 738 15.327
5 1009 17.921 245 8.831
7 490 12.489 118 6.129
9
11
283
185
9.491
7.674 0.3956 1.6044
68
42
4.652
3.656 0.5118 1.4882
13 127 6.358 28 2.985
15 92 5.412 19 2.459
17 68 4.652 14 2.111
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Table - 3. Box-Counting Method
Right eye image Left eye image
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2 46793 1850 48643 0.172 0.764 38184 760 38944 0.831 0.080
3 20628 1290 21920 0.156 0.807 16812 651 17463 0.499 0.302
4 11523 922 12445 0.170 0.770 9381 508 9889 0.457 0.340
5 7331 723 8054 0.176 0.754 5967 398 6365 0.473 0.325
6 5054 545 5599 0.214 0.670 1.9611 4127 319 4446 0.510 0.292 1.9689
7 3687 456 4143 0.223 0.652 3000 281 3281 0.477 0.321
8 2804 398 3202 0.223 0.652 2283 249 2532 0.463 0.334
9 2202 328 2530 0.257 0.590 1794 223 2017 0.453 0.344
10 1770 316 2086 0.223 0.652 1439 197 1636 0.466 0.332
Table - 4. Sausage method
Scaling Right eye image Left eye image
Area Radius K s
A
= 2 ~ K S
Area Radius K s
A
= 2 ~ K S
3 20628 80.321 16812 73.153
5 7331 48.307 5967 43.582
7 3687 34.258 3000 30.902
9
11
2202
1459
26.475
21.550 0.2464 1.7536
1794
1177
23.897
19.356 0.2616 1.7384
13 1027 18.081 835 16.303
15 763 15.584 617 14.014
17 586 13.658 468 12.205
V. CONCLUSION
The Box-counting method and Sausage method are analyzed 
for the normal image as well as the pathological images. The 
comparison between the two methods for the normal image as 
well as the pathological image shows us the Sausage method 
gives the affordable results. As the dimension increases the 
invasiveness also increases which can be found from the above 
tables.
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Learning style of higher secondary students in relation to 
their academic achievement.
K.Devi Gomathi Narayani
Asst.Prof of Physical Science, St. Ignatius’ College of Education
I. Introduction
The learning style is the manner in which a learner perceives, interacts with, and responds to the learning enviromnent. 
Components of learning style are the cognitive, affective and 
physiological elements, all of which may be strongly influenced 
by a person's cultural background. A preference for learning in 
certain ways, eg through listening and conversation, or through 
formal explanation and written exercises. The way a person takes 
in. understands, expresses and remembers information; the way a 
person learns best. The channels- such as vision, hearing, 
movement, touching, or any combination of these-through which 
a person best understands and retains learning; also, 
temperament, as in an active or passive learning style or a 
reflective or impulsive. A preferential mode, through which a 
subject likes to master learning, solve problems, thinks or simply 
react in a pedagogical situation.
Learning styles are simply different approaches or ways of 
learning. Learning style refers to students’ preferences for some 
kinds of learning Activities over others. Characteristic 
approaches to learning and studying. Students who understand 
their own style are likely to be better learners, achieve higher 
grades, have more positive attitudes about their studies, feel 
greater self confidence and exhibit more skill in applying their 
knowledge in courses.
II. OBJECTIVES
1. To find the impact of learning styles of higher secondary 
students on their Academic achievement.
Hypothesis
There is no significant difference between Active and 
Reflective style learners In their academic achievement.
There is no significant difference between Sensive and 
Intuitive style learners in their academic achievement.
There is no significant difference between Visual and 
Verbal style learners in their academic achievement.
There is no significant difference between Sequential and 
global style learners in their academic achievement.
DESIGN OF THE STUDY
This study used the Index of Learning Styles (ILS) 
instrument developed by Felder and Solomon (1999) as its 
research tool.ILS was downloaded from the website made 
available online from The Index of Learning Styles 
Questionnaire. Barbara A. Soloman
www.engr.ncsu.edu/leamingstyles/ilsweb.html - Cached - 
Similar.
The survey consists of two sections. The first section was 
the demographic survey developed by the researcher. 
Demographic survey consists of Name of the student. Name of 
the school. Gender, Standard, Locality of the school. The study 
was conducted after obtaining permission from the school Head 
masters, class teachers, and subject teachers by the researcher. 
After getting the permission, the researcher gave detailed 
instruction to the participants and they were asked to go through 
and tick the correct response. The students were asked to score 
their inventory. They received the oral report of their styles of 
learning scores.
The Academic achievement mark was collected from 
respected class teacher. The reason for the data collection, 
description of the survey, number of questions; time to complete 
the survey was conveyed to the participants orally.
Variables
Dependent variable: Academic achievement is taken as
dependent variable.
An independent variable: Learning style is taken as An
independent variable.
Background variables
Gender difference. Standard, Locality of the school which 
affect the academic achievement of learners along with 
independent variable are consider ( as back ground variables) for 
the present study.
Tools of research 
Learning style
For the present study the researcher utilized The Index of 
Learning Styles Questionnaire. Prepared by BarbaraA.Soloman 
and it is down loaded from website made available online from 
www.engr.ncsu.edu/leamingstyles/ilsweb.html The Index of 
Learning Styles Inventory
Web-based and pencil-and-paper versions of the ILS, is 
made available on the web address <http://www.ncsu.edu/felder- 
public/ILSpage.html>.
The downloaded questionnaire consists of 44 items under 
the following dimensions as items indicated against each.
i.Processing
items 
All (a) 
All (b)
ii.Perception
items 
All (a)
1, 5, 9, 13,17,21,25,29,33, 37 and 41 (11)
Active learners 
Reflective learners 
2, 6,10, 14,18,22,26,30,34,
: Sensive learners
38 and 42 (11)
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All (b)
iii.Input
items 
All (a)
All (b)
iv. Understanding
items
All (a) :
All (b)
: Intuitive learners
:3. 7. 11. 15,19,23,27,31,35,39 and 43 (11)
: Visual learners 
: Verbal learners
:4, 8,12, 16,20,24,28,32,36,40 and44 (11)
Sequential learners 
Global learners
Academic achievement
For academic achievement, Marks obtained in quarterly 
examination (out of 1200 and converted in to 100) is considered, 
of the questionnaire.
Samples for the study
Population for the study is all the higher secondary 
students studying in government, aided, unaided schools in 
Tirunelveli educational district.The participants for this study 
considered XI and XII students studying Higher secondary 
schools in Tirunelveli educational district. The sample consists of 
300 students.
III. PROCEDURE
Establishing validity
Several studies have been conducted to determine the 
reliability and validity of the ILS. The authors Felder and Spurlin 
(2005) found Cronbach alpha values for Active-Reflective 0.60, 
Sensing-Intuitive 0.77, Visual-Verbal 0.74, Sequential-Global
0.56. Establishment of content validity:
Content validity gives the logical evidence that the content 
of the items of a test is suitable for the purpose for which the test
is designed and used. Content validity is established whether is 
adequate sampling of a given situations.
Establishing reliability
According to Felder and Spurlin (2005), the test-retest 
reliability of the ILS scores is varied between .7 to.9.In the 
present study the questionnaire was given to 50 students of 
Sarah Tucker Hr. Secondary School Palayamkottai on whom 
the pilot study was made. After discussing with Guide Test -  
retest method was followed by the investigator with an interval 
of 9 days. The responses was analyzed and the reliability was as 
follows.
Karl Pearson’s product moment coefficient correlation was 
used to find out the reliability 
Sampling technique
Sample design employed is Probability based sampling in 
which each unit of the population has equal chance of being 
selected. Sampling method employed is simple random 
selection. Samples are randomly selected for the present study. 
The investigator lias taken nearly, 43%of boys’ schools, 43%of 
girls’ schools, and 14% of co-education schools as the sample for 
the present study.
Statistics followed
Significant difference between two means to find the 
difference between two means and product moment correlation 
to find the relation ship between two variables.
IV. RESULTS AND DISCUSSION
There is no significant difference between Active and 
Reflective style learners of higher secondary school students in 
their academic achievement.
Difference in Active and Reflective style
Tablel.l
learners of higher secondary school students in their academic achievement.
Dimensions N Mean SD
df
Calculated 
‘t ’ -value
Table value 
at 5% level
Remark
Active 159 67.39 12.54 298
4.22 1.97
S
Reflective 141 61.18 12.84
Sensive 177 67.895 12.35 298
5.74 1.97
S
Intuitive 123 59.53 12.45
Visual 181 67.21 12.62 298
4.64 1.97
s
Verbal 119 60.29 12.61
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Sequential 158 68.93 12.17 298
6.71 1.97
S
Global 142 59.49 12.18
Correlation between learning style of higher secondary school students and their academic achievement.
Dimension N df Calculated y 
value
Table value 
at 5% level
Remark
Active 159 157 0.47 .159 S
Reflective 141 139 0.14 .174 NS
Sensive 177 183 0.09 .138 NS
Intuitive 123 121 0.08 .195 NS
Visual 181 179 0.46 .138 S
Verbal 119 117 0.33 .195 S
Global 142 140 0.099 .159 NS
Sequential
158 156 0.53 .159 S
l.From the above findings it is clearly inferred that the 
mean value of academic achievement of active learners is greater 
than the mean value of academic achievement of reflective 
learners. Active learners have stronger learning outcomes than
Reflective style. This may be due to their process of learning, 
that is learning by experimenting actively (through engagement 
in physical activity or discussion).They absorb information by
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doing something with the information and discussing, applying 
or explaining the information to others.
2. Reflective learners lack behind active learners in 
academic achievement. Because reflective learners learn by 
thinking about a concept. They prefer to think first about the 
information and like to work alone. So they may take more time 
to study a concept than active learners. "Let's think it through 
first “ is unique to the reflective learners (Felder) who may not 
use a trial and error approach which is helpful for better learning.
3.The mean value of academic achievement of sensory 
(sights, sounds, physical sensations) learners is greater than the 
mean value of academic achievement of Intuitive learners. 
Because they may like to study facts and solve problems by 
using known methods.They like practical work, and are good to 
memorize tilings. They tend to like learning facts and often like 
solving problems by well-established methods and dislike 
complications and surprises. This may be the reason why they 
achieve better than intuitive learners.
They get lower grades in lecture courses, especially science 
courses. They ask the instructor for specific examples of 
concepts and procedures. They used to find out how the concepts 
apply in practice (Felder and Solomon 1993). But in our system 
of education the curriculum and teaching-learning process does 
not support reflective learners. This may be the reason why the 
Sensive learning style did not make any effect on their 
achievement.
4.The mean value of academic achievement of Visual 
learners is greater than the mean value of academic 
achievement of verbal learners. Because visual learners tend to 
be effectively perceived visual (pictures, diagrams, flow charts, 
and demonstrations) instructions. This may be possible by 
innovative technology through e-learning, CDs, computers. 
Visual learners try to find diagrams, sketches, schematics, 
photographs, flow charts, or any other visual representation of 
course material that is predominantly verbal. They ask their 
instructor, consult reference books, and see if any videotapes or 
CD-ROM displays of the course material are available.
5.In most of our schools, students mainly listen to lectures 
and read material written on chalkboards and in textbooks and 
handouts. They gain understanding of material by hearing 
teachers and classmates' explanations. In the absence of oral 
explanations, the students may become bored and inattentive in 
class, do poorly on tests, get discouraged about the courses, the 
curriculum, and themselves, and in some cases change to other 
curricula or drop out of school.
6.The mean value of academic achievement of sequential 
learners is greater than the mean value of academic achievement 
of global learner. They learn in a logical progression and small 
incremental steps. Generally they have more learning success 
because the majority of books and teaching strategies used by 
school teachers are sequential. “They learn in steps, with each 
step following logically from the previous one”(About.com. 
Learning Style).They acquire understanding of material in small, 
connected chunks.“They are able to solve individual problems 
although the overall concept eludes them. They may fill in gaps 
by consulting the teachers or references. They may relate new 
topics to tilings they already know. They have good analysts
skilled at solving convergent (single-answer) problems”(Charles 
Smith.2006).
7. Global learners tend to learn in large jumps, absorbing 
material almost randomly without seeing connections, and then 
suddenly "getting it." They need to grasp the big picture before 
they have any chance to understand the details of the subject. But 
if their is no picture it may difficult to them to study”(Smith). 
They may feel stupid when they are struggling to master material 
with which most of their contemporaries seem to have little 
trouble. Some eventually become discouraged with education 
and drop out (felder,2005). “Global learners who lack good 
sequential thinking abilities, on the other hand, may have serious 
difficulties until they have the big picture. Even after they have 
it, they may be fuzzy about the details of the subject. School is 
often a difficult experience for global learners. Since they do not 
learn in a steady or predictable manner they tend to feel out-of­
step with their fellow students and incapable of meeting the 
expectations of their teachers.”(Felder & Solomanl993).
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Abstract- Many conventional types of luting cement are available 
for the dental clinicians to choose and restore luting of ceramic 
crowns. But not all the available luting cements are ideal for all 
situations. All ceramic restorations do benefit from resin cements 
bonding to the tooth. Hence it necessitates comparing the 
bonding ability of different luting cements to ceramic and dentin. 
The main objective of this study was to compare and evaluate the 
shear bond strength of three different luting cements to both 
ceramic and dentin and then to evaluate the mode of bond failure 
by scanning electron microscopy
Index Terms- Resin cements, bonding, all ceramics, shear bond 
strength bond failure.
I. In t r o d u c t io n
Bonding between a fixed prosthesis and the supporting prepared tooth structure is provided by dental luting 
cements. The ideal property of luting cement includes fracture 
resistance, low solubility, and colour stability, adhesive bond to 
tooth structure, adequate working and setting timel. Charles 
Land in 1886 developed the first all ceramic crowns which was 
popular as the porcelain jacket crown. For many decades it was 
the most aesthetic full veneer restoration dentistry had to offer2. 
The clinical performance of all ceramic restorations is mainly 
influenced by the shape of tooth preparation and surface 
treatment of crown and abutment, type of luting agents and the 
adhesion between tooth structure and restorative material. 
However ceramic restorations are very brittle which results in 
debonding and fracture of the restorations. This can be 
compensated by increasing the bond strength with tooth structure 
While bonding ceramic to tooth structure, two different 
interfaces need to be considered: the dentin/cement interface and 
the ceramic/cement interface. If the adhesive seal in the above 
interfaces fails, it results in micro leakage jeopardizing the 
clinical performance and longevity of the restorations, leading to 
staining, recurrent caries, adverse pulpal response and 
postoperative sensitivity and finally the debonding of the 
restoration. There are several variety of cements, each with 
advantages and disadvantages. Nevertheless, it is necessary to 
choose the right material from the various cements available for 
the long term service of the restoration. Hence the comparison of 
the bonding ability of different luting cements to ceramic and 
dentin is thus deemed necessary.
The aim purpose and objective of this study was,
1. Evaluate and compare the shear bond strength of three 
different luting cements to ceramic and dentin on the universal 
testing machine.
2. Evaluate the mode of bond failure by scanning electron 
microscopy.
II. M a t e r ia l s  a n d  M e t h o d s
IPS Empress 2 [Ivoclar vivadent, Germany] Ceramic disc 
specimens of 3 mm diameter and width of about 2mm were 
fabricated. Intact, Non carious, human maxillary premolars 
extracted were collected and stored. Theteeth were then 
sectioned at cement-enamel junction with diamond disc at 90 
degrees to long axis of the tooth and 2mm coronally to obtain 
tooth disc specimen of thickness 2mm with sufficient area of 
dentin. Plastic mounting plates (approximately 40mm X 4mm) 
with machined screw fittings were fabricated. Each pair has 
upper and lower plates. Upper plate has a bevelled area of 15mm 
in diameter and a hole of 3 mm in diameter which will hold the 
ceramic disc specimen. The lower plate lias a trough of about 
8mm in diameter which holds the tooth specimen. The ceramic 
disc specimens were embedded in the upper plastic plate and the 
tooth specimens embedded in lower plate with auto polymerizing 
acrylic resin (Cast don, Dreve). To standardize the cement 
thickness, a Mylar strip was interposed between the specimens. 
Thirty disc specimens of all ceramic and dentin were fabricated 
and randomly divided into three groups of 10 each named as 
Group A, B and C.
GROUP A -LUTING WITH Glass ionomer cement
Surface of tooth specimen was treated with conditioning 
paste (proxyt paste,IvoclarVivadent,liechtenstien).Then ceramic 
and tooth specimen were luted with Type I GIC cement (Ketac 
cem glassionomer cement, 3M ESPE, USA)
GROUP B -LUTING WITH CALIBRA
Surface of the tooth specimen was etched with 
37%phosphoric acid (Scotchbond, 3M ESPE, USA) for 15 
seconds, rinsed for 10 seconds and gently air dried. Dentin 
bonding agent (Adper Single bond,3 M ESPEUSA) was applied 
and light polymerized for ten seconds. Surface of ceramic 
specimen was etched with 9% hydrofluoric acid (Ultradent 
Porcelain Etch) for twenty seconds followed by silane
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application (Monobond S. Ivoclar Vivadent, Liechtenstien ) and 
then luted with Calibra luting cement (Dentsply, USA) and plates 
were clamped with machined screws and light cured for twenty 
seconds.
GROUP C - LUTING WITH PANAVIA F2.0
Surface of the tooth specimen was etched with 37% 
phosphoric acid (Scotchbond, 3M ESPE, USA) for 15 seconds, 
rinsed for 10 seconds and gently air dried . Dentin bonding agent 
(Adper Single bond,3 M ESPEUSA) was applied and light 
polymerized for 10 seconds. Surface of ceramic specimen was 
etched with 9% hydrofluoric acid (Ultradent Porcelain Etch) for 
twenty seconds followed by silane application (Monobond S, 
Ivoclar Vivadent, Liechtenstein) and then luted with Panavia f
2.0 luting cement (Kuraray, USA) and light cured for twenty 
seconds.
III. T e s t in g  P r o t o c o l
An isotonic saline solution was prepared and all the 
specimens were immediately placed in it. The machined screws 
were removed after 1 hour. After 24 hours, the specimens of 
Group A, Group B and Group C were subjected for shear bond 
strength using Llyods universal testing machine. Shear load at 
failure was recorded in Newton’s and converted to stress in 
Megapascal. Then the fractured specimens were further 
evaluated for Scanning electroscopic examination. Specimens 
were sputter-coated with gold alloy and examined under SEM at 
20kv and the specimens were viewed and photographed at 
original magnification( x 1000).
IV. R e s u l t s
The specimens were subjected to shear bond strength testing 
using universal testing machine (Llyods) (Table. I). Mean and 
standard deviation were estimated from the sample for each 
study group(Table. II).. Mean values were compared between 
different study groups by using One way ANOVA followed by 
scheffe’s multiple range procedure. In the present study , P <
0.05 was considered as the level of significance Scanning 
electron microscopic study was done on fractured specimens and 
mode of bond failure was analyzed .The results showed that the 
Mean value in Group C (16.65 ± 0.72) was significantly higher 
than the mean values in Group A (4.76 ± 0.37) and in Group B 
(14.85 ± 0.65) (P< 0.05) . Further, the mean value in Group B
was significantly higher than the mean value in Group A 
(P<0.05) (Table.il).
TABLE - 1 
Shear bond strength of three groups
NO. OF 
SPECIMENS
GROUP
A
(mpa)
GROUP
B
(mpa)
GROUP
C
(mpa)
1 5.3 15.11 16.28
2 4.7 15.46 17.30
3 4.2 14.18 15.20
4 5.2 14.58 16.70
5 4.9 14 16.40
6 4.6 14.42 16.48
7 4.8 15 17.14
8 4.2 14.72 17.40
9 5.1 15.90 16.20
10 4.6 15.20 17.50
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TABLE II
Mean, Standard deviation and Test of significance of mean values between three groups.
GROUPS MEAN ± S.D P- VALUE *
SIGNIFICANT GROUPS 
AT FIVE PERCENT 
LEVEL
A 4.76 ±0.37
B 14.85±0.65
C 16.65±0.72
<0.0001 CVS A,
Significant B VS A
V . D is c u s s io n
The currently available most predominant highly aesthetic 
restorative material with optimal properties that can simulate the 
appearance of natural dentition is dental ceramics. Even though it 
has many advantages, ceramics are fragile under tensile strain. 
This weakness can be attributed to the presence and propagation 
of microflaws present on the surface of the material, making the 
ceramic susceptible to fracture, thereby making the cementation 
process very important for the clinical success of all ceramic 
restorations. The purpose of this study was to evaluate the shear 
bond strength of three different luting cements to both ceramic 
and dentin and then to evaluate the mode of bond failure by 
scanning electron microscopy. Due to its widespread popularity 
and usage, IPS Empress 2 is used in this study. IPS Empress 2 is 
a lithium disilicate, heat pressed all ceramic material
Human premolars extracted for orthodontic purpose were 
collected. It was then sectioned and mounted on plastic mounting 
plates with machined screw fittings. Mylar strips ensured 
uniform film thickness of 40 |im5. The luting agents selected for 
comparative evaluation were Glass ionomer cement and two 
commercially available resin cements- Panavia f2.0 luting 
cement (Kuraray, USA) and Calibra luting cement (Dentsply, 
USA). Glass ionomer cements were formulated in 1976 as a 
dental restorative material and has been in major use for more 
than 30 years for increased patient acceptance. These are 
primarily adhesive cements containing acid soluble calcium 
fluoroaluminosilicate glass and aqueous solution of polyacrylic 
acid in a concentration of about 0-50 % 6.
Dual cured cements are found to have higher hardness values 
when compared to chemically cured cements7.The major 
advantages of resin luting agents include increased bond strength 
when used in conjunction with silane coupling agents8,9,10„ 
increases the fracture resistance of the tooth and the restoration 
itself and minimizes the microleakage due to better wettability 
and bonding to tooth structure 10.
In Group A (luted with GIC) -  the dentin surfaces were 
surface treated with conditioning agent ( proxyt paste Ivoclar 
Vivadent.liechtenstien) to remove the smear layer and surface 
debris. Its removal results in higher bond strength of dentin 
adhesives5. In Group B and C -  the dentin surfaces were first 
acid etched with 20% phosphoric acid (Gluma etch 20 gel.
Hereaus Kulzer, Germany) to remove the mineral phase and 
increase the porosities of the tissues resulting in the formation of 
resin tags which are extension of adhesion resin in to open 
dentinal tubules6.This is followed by the application of dentin 
bonding agent to fill the resin tags and form a chemical bond 
between resin cement and dentin5.
According to Holand et al, the main crystal phase of IPS 
Empress 2 glass ceramic is formed by elongated crystals of 
lithium disilicate. A second phase is composed of lithium 
orthophosphate. A glass matrix surrounds both crystalline 
phases. Hydrofluoric acid removes the glass matrix and the 
second crystalline phase creating irregularities within the lithium 
disilicate crystals and thereby results in increased bondingll. 
This is followed by silanization with Monobond S (Ivoclar 
Vivadent, Liechtenstein). Silane coupling agents enhances the 
formation of chemical bond between the inorganic phase of the 
ceramic and the organic phase of the resin and increases the 
wettability of ceramic surface6.Other methods of surface 
treatment of ceramics include sandblasting with 50|im 
aluminium oxide particles, surface roughening with coarse 
diamond bur, etching with 40% phosphoric acid solution 9,12. In 
this in vitro study, the shear bond strength of conventional glass 
ionomer cements and 2 commonly used resin luting cements to 
IPS Empress 2 all ceramic and dentin was evaluated. Shear 
loading was performed using universal testing machine and 
maximum shear load at the point of failure was recorded. Shear 
bond strength were calculated by dividing the force at which the 
bond failure occurred by the specimen bonding area6. The results 
obtained were then statistically analyzed by one way analysis of 
variance (ANOVA). The testing was performed at a significant 
level of p -  0.05.
Maximum bond strength was obtained for Group C 
specimens followed by Group B specimens. Increased bond 
strength of Group C can be attributed to higher filler content of 
the cement compared with other cements 13.Failure analysis 
through SEM examination revealed predominantly cohesive 
failures at the resin-dentin and ceramic-resin interfaces for both 
Group B and Group C luting cement in accordance with studies 
done by R.Janda(2002)14
These resin cements form a hybrid layer which is a 
molecular level mixture of collagen and resin polymers. It is 
formed by the diffusion of monomers that have been placed on 
the conditioned dentinal surface and subsequently polymerized in
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situ (Nakabayashi 1982)15. Bond strength of both Group A was 
found to be inferior to that of both Group B and Group C. 
Although conventional glass ionomer cements lias many 
advantages to its merit, lower bond strength was reported when 
compared to resin cements. On SEM examination. Glass ionomer 
cements exhibited cohesive failures at cement -  dentin interface. 
This is due to the formation of chemical bond to tooth tissue by 
reaction with the calcium salts in the tooth structure?. But 
adhesive failures were predominant at cement/ceramic interface 
due to lack of chemical and mechanical union between glass 
ionomer cement and ceramic surface. This in vitro study allowed 
an immediate assessment of the bond created between the cement 
and the restorative material. It is acceptable, to compare the 
measured in vitro results obtained in a controlled environment. 
But, these tests cannot adequately simulate clinical situations 
with all the detail. The compulsive and final evaluation of 
material performance should be determined using long term 
clinical studies and trials.
VI. CONCLUSION
With the limitations of this study, it has been concluded that;
1. Maximum shear bond strength values were obtained for 
Panavia 12.0 resin cement followed by Calibra cement. Glass 
ionomer cement showed least bond strength values.
2. On SEM examination, the mode of failures seen was 
predominantly cohesive for both Calibra and panavia 12.0 resin 
luting cements at resin-dentin and resin-ceramic interface 
suggesting improved bond strength.
3. Glass ionomer cement showed cohesive failures at dentin- 
cement interfaces. However, adhesive failures were predominant 
at cement-ceramic interface suggesting inadequate bond strength 
with the ceramic surface.
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Synthesis of 4-chloro-3-ethyl-l-methyl-N-[l,2,3- 
thiadiazole]lHpyrazole-5-carboxamide
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Abstract- Title molecule lias been synthesized by chlorination of 
l-Methyl-3-ethyl-4-chloro-Pyrazole-5-Carboxylic acid [a] to it’s 
acid chloride [b] and followed by condensation with 5-Amino- 
l,2,3-thiadiazole[c]. The above produced] has pesticidal activity
Index Terms- Pyrazole carboxylic acid , Amino tliiadiazole , 
Carboxamide, Pesticidal activity
I. Introduction
Development of crop-protection molecules with unique modes of action is essential to combat widespread 
insecticide resistance. Heterocycles bearing a pyrazole or 1,2,3- 
tliiadiazole moiety are reported to show pesticidal activity. In 
addition the TV-bridged heterocycles derived from 1-Methyl-3- 
ethyl-4-chloro-Pyrazole-5-Carboxylic acid have applications in
the field of medicine, agriculture and industry. 1,2,3- 
Tliiadiazoles exhibit broad spectrum of pesticidal activities. 
Many pyrazole carboxamide derivatives are well known to 
possess a wide range of bioactivities and are often employed as 
fungicidal, antiviral and regulating activities for plant protection 
in agriculture. Some of them are employed as commercial 
insecticides , herbicides and fungicides. Dozens of pyrazole 
products are available and widely used as fungicides, antiviral 
agents, analgesic agents, insecticides and herbicides. In order to 
discover novel active compounds for use in agriculture, we 
sought to combine the active structures of tliiadiazole and 
pyrazole to design and synthesize a class of novel pyrazole 
carboxamide derivatives. The synthetic route is shown in Scheme
1. The compounds is characterized by IR, NMR and LCMS 
analysis.
Experimental:
[A] Materials: Tliionyl chloride ( Sd Fine),
Diemthylfonnamide (DMF) (Sd Fine), Ethylene Dichloride ( 
EDC) (Sd Fine), Tri ethyl amine ( Alkyl Amine Chemicals Ltd.) 
, N-Methyl-3-ethyl-4-chloro pyrazole-5-carboxylic acid (
Commercial grade) and 5-Amino-l,2,3-tliiadiazole (Commercial 
Grade) has been used in the reaction.
[B] Method:
Step : 01
EDC 50 ml was charged in to 100 ml RBF fitted
mechanical stirrer, condenser outlet was connected to 20 %
Caustic solution. Charged N-Methy 1-3-ethyl-4-cliloro pyrazole- 
5-carboxylic acid (1.0 gm-mole) followed by catalytic amount of 
DMF. Tliionyl chloride ( 3.0 gm-mole) was added to the 
reaction mass under stirring in 4 lirs at temperature 75 UC. After 
addition of tliionyl chloride reaction was continued for 3 lirs and 
excess tliionyl chloride was distilled under vacuum. The product
N-Methy 1-3-ethyl-4-chloro pyrazole-5-carboxylic acid chloride 
was isolated having purity >95% and used for next step.
Step : 02
Ethane Dichloride ( EDC) 100 ml , 5-Amino-1,2,3- 
tliiadiazole ( 1.0 gm mol) [c] and Tri ethyl amine ( TEA) (1.1 
gm-mole) was added to RBF fitted with Mechanical stirrer and 
condenser. The above reaction mass was cooled to 0 UC. The 
acid chloride ( from step:01 ) was added in 2.0 lirs by 
maintaining reaction mass temp. 0 to 5.0 UC .Further reaction 
was continued for 3 lirs at temp. 0 to 5UC. At the end, reaction 
mass was filtered and from mother liquor EDC was distilled 
under vacuum and bottom residue was cooled to 0 UC and 
product [d] was isolated by filtration and crystallized from EDC. 
Purity of the product >95.0% having over all yield is 60.0%.
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II. Results and D iscussion
The titled compound lias been synthesized according to the 
procedures as given in the experimental section. The physical 
constants like melting point and solubility has been determined 
for the intermediate as well as final product. The compound has 
been characterized by IR and HI NMR and LCMS. The final 
product is grey color solid having melting point 176 - 178.0 UC.
III. Conclusions
We have synthesized the compound 4-chloro-3-ethyl-l- 
methyl-N-[l,2,3-thiadiazole]lHpyrazole-5-carboxamide[d] 
confirmed the structure by instrumental analysis: NMR FT-IR 
and LCMS. This product lias unique combination of pyrazole and 
tliiadiazole ring tested for its pesticidal effects.
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Abstract- Matobo district is renowned for a lot of rituals and 
taboos due to its association with the Njelele “sacred” shrine, 
which for a long time housed u Ngwali, the Ndebele spirit 
medium. Although the district lies within agro-ecological four 
which is characterised by erratic rainfall, the presence of well- 
managed wetlands lias saved the local communities from the 
debilitating effects of droughts. The study sought to find out the 
role played by the rituals and taboos on wetland management in 
Matobo District. The study made use of a qualitative research 
method. Forty participants selected through random and 
snowball sampling methods were interviewed on the influence of 
the rituals and taboos on wetlands management. The majority of 
the participants 80% felt that rituals and taboos that are 
embedded in the indigenous knowledge systems of the Ndebele 
society, have contributed much in sustainable management of 
wetlands. Few of the participants (20)% felt that scientific 
methods should be used in the sustainable wetlands 
management. The study recommends that both the indigenous 
knowledge systems and the scientific methods be integrated for 
sustainable wetlands management systems that are able to sustain 
the livelihoods projects of the local communities.
Index Terms- rituals, taboos, sustainable management and 
wetlands.
I. In t r o d u c t io n
Matobo District is renowned for a lot of rituals and taboos due to its association with the Njelele “sacred” shrine, 
which for a long time housed “uNgwali”, the Ndebele Spirit 
Medium. Taboos and rituals play a vital role in the management 
of natural resources. Men is the focal point on the conservation 
and exploitation of natural resources. People living both in rural 
and urban areas relied on natural resources for survival, and as a 
result they designed the Indigenous Knowledge Systems (IKS) 
in the form of rituals and taboos to protect their resources.
Rituals and taboos are mostly practiced in the Ndebele and 
Shona cultures, and wetlands are preserved through this way. 
Taboos play a vital role in the shaping of environmental ethics in 
the Ndebele culture. According to Peters (1973) education is the 
transmission of the worthwhile knowledge. The worthwhile 
knowledge in the Ndebele culture is the transfer of the rituals and 
taboos to the next generation as a way of conserving their natural 
resources. Gelfand (1973) notes that, in the Shona Culture,
information is passed from one generation to another. This also 
applies in the Ndebele culture.
It is the responsibility of the entire community to manage its 
resources through the Indigenous Knowledge Systems such as 
rituals and taboos rather than to depend on Enviromnental 
Management Act (EMA). The EMA does not implement the role 
of traditional leaders on the management of natural resources. 
This lias turned wetlands into, “open-access” natural resources, 
(Gadzirayi, et al, 2006).
The research focused on how the use of rituals and taboos 
benefits the people of the Matobo District. The main aim was 
that the Community should see the benefits rooted in their 
culture, norms and values. The people of the area need to 
optimise their resources through proper use and management.
II. L it e r a t u r e  R e v ie w
Wetlands are fragile ecosystems which reignite sensitive and 
sustainable management if they are to continue to provide their 
range of functions and benefits, (Gadzirayi, et al, 2006). 
Wetlands are areas of marsh, permanent or seasonal water that is 
static or flowing, (Ramsar, 1971). Wetlands are one of the most 
valuable ecosystems, performing a variety of important 
ecological functions yet fragile ecosystems which rquire 
sensitive and sustainable management if they are to continue 
providing their range of functions and benefits, (Kaaya, 2008) 
Wetlands are essential a source of water vapour. Wetlands have 
important primary functions on the regulation of hydrology, 
water purification and flood control, and coastal wetlands can 
help to alleviate the impacts of storm surges, (Moses, 2008). 
Further, wetlands have aesthetic values and significant eco­
tourism potential, (Millennium Ecosystem Assessment, 2005 in 
Moses, 2008)
The local community depends on wetlands for many 
agricultural activities. Wetlands have an essential role in food 
security, especially during the dry season or in drought periods, 
when dry land fanning which is limited to the rain season cannot 
adequately cater for the community needs, (Kaaya, 2008)
Matabeleland South is a drought threatened area. Fanners 
mostly migrate their cattle from areas such as Plumtree in search 
of better pastures in the wetlands of Matobo Area. Majule and 
Mwalyosi, (2005), in Kaaya, (2008) also point out that, socio­
economically, wetlands are acknowledged to support family 
livelihoods through crop production and grazing pastures.
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Besides the intervention of the government on the 
management of natural resources through the EMA, local people 
can reap in their Indigenous knowledge in form of taboos and 
rituals for excellent management of their resources. Roggeri 
(1995) inKaaya, (2008) described traditional wetland knowledge 
as those interventions or techniques which integrate the 
objectives of development with the maintenance of wetland 
functions and values. Farmers can practice intercropping and 
catch cropping in order to conserve moisture in the soil. 
Farmers can also make use of cover crops to reduce evaporation 
from the soil.
Taboos are explained by Aschwanden (1987) as a rule or 
prohibition which is based on a certain weltbild, and is charged 
with symbolic meaning. Taboos bind much more that one must 
strongly believe in certain values, symbols and beliefs. Taboos 
also control the social aspects of life. The weltbild according to 
Asclm anden. (1987) refers to the controllable situation of the 
society.
Taboos can be in form of totemism. Totemism is a 
conservation strategy that aims to create a harmonious 
relationship between tribal groups and the natural enviromnent, 
(Behera and Nath, 2005 in Dit 2009). Among Indigenous tribes 
e.g the Pengu of India, people pay great respect to trees and 
animals where their totems were derived. They are prohibited 
from killing, injuring or eating the resources from plants and 
animals of their own totem. It is also believed among the Pengu 
of India that removal of all grass from the earth or removal of 
bark that results in the death of the tree might bring a curse or 
even death to the perpetrator, (Behera and Nath), 2005 in Dit, 
2009)
Rituals such as prayers and cultural ceremonies, involving for 
example, first foods, are usually performed before undertaking 
hunting /gathering trips and eating, (Dit 2009). Such ceremonies 
are held when the crops are mature or ready for human 
consumption. Before the ceremony, no child is permitted to 
touch or eat any crop from the fields, (Kileff and Clive, 1970). 
Also Ancestral beer known as “Mabira” in the Shona culture can 
also be carried out in relation to the changing seasons. 
(Murphee, 1969). These ceremonies are directed at the powerful 
tribal spirits (Mhondoro) or (Ngwali), the Ndebele spirit medium 
since they control the rainfall, the access or absence of which 
will ruin a good crop, (Manjeru, 2009). This indicates that the 
ripening of the crops is credited to the ancestors of the tribe and 
they will continue bringing more rains to sustain wetlands.
The rain making ceremony can also be practised to sustain 
the wetlands. The raimnaking ceremony is the ancestral worship 
for the reason of rainfall. Manjeru, (2009) notes that, in Motsai 
Communal Area of Bikita District, Masvingo, Chief Mabika, 
together with his people sometimes brew beer in the late days of 
November if the rains have not yet approached the earth. The 
raimnaking ceremony is practised to exacerbate rainfall, (Gombe, 
1998). The raimnaking ceremony is usually done at sacred areas 
like Matonjeni, Domboshava, Great Zimbabwe and others. 
Gelfand (1966) stated that sacred areas like Matonjeni were used 
by King Lobengula to ask for rains from his father King 
Mzilikazi who was buried at this place. This area is known as 
Matopos by the Ndebele, but initially “Matonjeni” (Mabwedziva) 
was used by the Shonas before the arrival of the Ndebele into the 
area, (Manjeru, 2009).
Taboos are also used to protect water sources or wetlands. 
The water from the sacred wells is fetched by water gourds 
Metal objects and blackened clay pots are not allowed to collect 
water from the wells, (Risiro, et al, 2013). It is believed that the 
wells have got “nzuzu” (mermaids) such if offended , water 
sources may dry up. People are also not allowed to kill aquatic 
animals such as frogs, (Risiro, et al, 2013). This will also cause 
the drying up of water sources.
III. T h e  S t u d y  A r e a
The study was conducted in Matobo district of Ntunjambili, 
which lies 60km South East of Bulawayo. The district is 
renowned for a lot of rituals and taboos due to its association 
with the Njelele “sacred” shrine, which for a long time housed 
uNgwali, the Ndebele spirit medium. Although the district lies 
within agro-ecological four which is characterised by erratic 
rainfall, the presence of well-managed wetlands lias saved the 
local communities from the debilitating effects of droughts.
IV. M e t h o d o l o g y
The study used the qualitative research method, making use 
of structured interviews. Forty participants selected through 
random and snowball sampling were interviewed on their views 
on the role played by rituals and taboos on wetlands 
management. Site visitations and observations were undertaken 
by the researcher to validate the responses given by the 
participants.
V. R e s u l t s  a n d  D is c u s s io n s
The general picture that came from both the interviews and 
observations indicated that rituals and taboos play a very critical 
role in the district of study. The participants stressed that the 
community lias managed to instil the sense of “sacredness” of the 
wetlands in the district. “The wetlands are kept out of people by 
strict taboos and rituals and all the community members adhere 
to this view religiously”. (Village headman 2013. Personal 
communication)
Interviews with participants were largely based on the taboos 
and rituals practised by the community members in the wetlands 
management. The taboos and rituals that are being practicised in 
the district include, totemism, observance of sacred places, and 
ceremonies.
One major taboo pertaining to the wetlands management is 
the forbidding of people to do agricultural activities close to the 
wetlands. “Akuvunyelwa ukulima kumbe ukugamula izihlahla 
duze lamaxliaphozi” (Interviewee 2013). We are not allowed to 
do agricultural activities or to cut down trees close to the 
wetlands. Thirty-eight (38) participants stressed that is a taboo 
neither to do agricultural activities nor to cut down trees close to 
the wetlands. Although the participants could not give the 
specific distance to be observed, observations by the researcher 
revealed that the distance is about fifty metres. The reasons that 
were given by the participants are that the trees and forests that 
are close to the wetlands are the habitant of the “gods” so they
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are not to be disturbed, least the “gods’ become angry and dry 
the wetlands as a punishment to the community.
The killing of acquatic organisms within the wetlands and the 
surrounding areas, was also noted as a key taboo on the wetlands 
management. The reasoning for this was that some of the spirit 
mediums dwell within these acquatic organisms and killing them 
would amount to killing the “gods” that safeguard the 
community and the natural resources, that are within it.
As the wetlands are considered the dwelling place for the 
“gods” of the district, no dirty or any pollution should be put into 
the wetlands. On drawing water from the wetlands it is a taboo 
to use any blackened containers, to bath or do laundry on the 
wetlands. Twenty-eight participants indicated that mysterious 
events have occurred on individuals who attempted to disregard 
this taboo. The most preferred water drawing instruments are the 
indigenous water goards, although of late people are allowed to 
use clean metal containers.
The first fruit ritual is observed before the harvests from the 
fields can be harvested. The participants were unwilling to 
disclose the details of this ceremony. “Akutshelwa muntu lokliu, 
kufanele uzibonele” (Village -  head 2013). Noone is to be told, 
the proceedings of this ritual, you should be there to see it 
yourself. The participants strongly believe that the strict 
observance of this ritual and others lias seen their wetlands 
remaining functional, even during the hardest droughts that have 
affected the area.
While the majority of the participants (80%) felt that the 
rituals and taboos play a pivotal role on the sustainable wetlands 
management, there were few participants (20%) who felt that 
rituals and taboos are baseless myths that have been perfected by 
a certain group of traditionalists. These participants feel that the 
community should now adopt the scientific management skills 
instead of relying on rituals and taboos. Among those calling for 
the move towards the scientific management paradigm, were 
Christians who also felt that they are forced to observe certain 
rituals that are contrary to their Christian beliefs and are always 
being threatened by evictions from the district if they do not 
comply with these rituals and taboos.
VI. C o n c l u s io n  a n d  R e c o m m e n d a t io n s
From the findings it can be seen that the role played by rituals 
and taboos in the sustainable wetlands management in Matobo 
District is of immense value. It has been demonstrated that 
possessing such knowledge and the capacity to adapt and apply it 
in the face of changing enviromnental and social conditions, calls 
for social resilience, which the people of Matobo seem to have. 
The food security that the district enjoys can solely be explained
on the use of their indigenous knowledge skills, and their ability 
to accurately pass it on to other generations.
The research however, would recommend that the district 
also brings in the scientific management skills on board. It is the 
view of the paper that if the two management paradigms are used 
complimentary the output would be positive to the community as 
far as their wetlands management is concerned.
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Abstract- This study aimed to assess the effect of eggs 
consumption and nutrition counseling to pregnant women to 
increased body weight and hemoglobin levels. A quasi­
experiment with non-randomized pretest-posttest with control 
group design was applied within this study. The population is 
pregnant women who had antenatal care at health centers Kassi- 
Kassi. Samples were selected by purposive sampling, which are 
divided into treatment group who received nutritional counseling 
and eggs and a control group that did not get any treatment. The 
results of this study showed that weight gain at treatment group 
was significantly different with the control group. Hemoglobin 
levels of pregnant women in both groups before and after 
treatment were significantly decrease in which the control group 
decreased higher but not significantly different. Amount of 
energy and protein intake of pregnant women in the treatment 
group increased significantly while the control group of energy 
and protein intake does not significantly increase. It can be 
concluded that eggs consumption and nutritional counseling 
affect an increase in energy and protein intake of pregnant 
women. Each health center suggested for implementing nutrition 
counseling for pregnant women who are chronic energy 
malnutrition (CEM) and from poor families can receive special 
attention so that the prevalence of maternal anemia could be 
reduced.
Index Terms- Nutrition counseling, hemoglobin levels, egg, 
pregnant women.
I. Introduction
Normal pregnancy is accompanied by anatomical and physiological changes that affect almost every organ 
system. Most of these changes can be seen in early pregnancy. 
Pregnant women, infants and toddlers are groups who are most 
vulnerable to malnutrition. Specifically pregnant women, the 
vulnerability seems that among 35% of women of childbearing 
age, which had protein energy malnutrition (PEM), 14% of those 
is pregnant women (Tambunan, 1996).
Nutritional problems of pregnant women have a broad 
impact, both to the mother and fetus, thus requiring special 
attention to it. The results showed a close correlation between 
anemia during pregnancy with fetal death, miscarriage, birth 
defects, low birth weight, reduced iron stores in children or
children bom in a state of nutritional anemia. This condition 
causes the perinatal mortality rate is still high, as well as 
maternal mortality and morbidity (Faruk, 2001). In addition, the 
impact on the mother is able to cause bleeding during delivery. 
Bleeding in childbirth is the leading cause (28%) of maternal 
deaths / maternity in Indonesia (MOH, 2001).
The prevalence of pregnant women with PEM increased 
during the economic crisis, reaching 24.9%. Despite the 
significant decline in the post-crisis economic recovery 
Indonesia, until now the prevalence of pregnant women is still 
high enough that PEM 16.7%. The high rates of malnutrition in 
pregnant women this lias contributed to the high rate of low birth 
weight (LBW) in Indonesia is estimated at 350,000 babies each 
year (Depkes, 2003).
Based on a quick survey by the Health Department of South 
Sulawesi provincial office on 1998, which is conducted in three 
districts, found that pregnant women with PEM in the district of 
Takalar 32%, Pinrang 16.67%, and Bulukumba 17.70% (Bennu, 
2002). Based on this study , the need efforts to improve the 
health and nutrition of pregnant women. One activity that can be 
done is by providing supplementary food namely eggs and 
nutrition counseling for malnutrition pregnant women. This also 
done in order to improve maternal nutritional status as well as to 
prevent the occurrence of low birth weight births.
II. MATERIAL AND METHODS
2.1 Study Area
This study was conducted in Health Center Kassi-Kassi 
Rappocini Makassar District. The population is pregnant women 
who suffer from PEM in the working area of the Health Centre 
and have geographic and social characteristics are relatively the 
same, with the inclusion criteria mother with age between 17-40 
years old and have parity < 4 child and maternal exclusion 
criteria pregnant with infectious diseases (pulmonary TB, 
malaria, intestinal worms) and noninfectious (diabetes, 
hypertension). The samples were divided into 2 groups: group 1 
(treatment group) and group 2 (control group).
2.2 Sampling Design
This quasi-experiment research applied the non-randomized 
pretest-posttest with control group design. Initial measurements 
were taken before treatment (pretest) such as body weight.
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hemoglobin concentration, nutrient intake and socio-economic 
status of the families. Treatment was conducted for 2 months (60 
days), the day 61th was the final measurement (post-test) on body 
weight, hemoglobin level and nutrient intake. The treatment 
group was given 1 egg (60 g) for 60 days and nutritional 
counseling. Eggs are given each week and nutrition counseling 
given at the beginning of treatment and every pregnant women 
need information (if there is a pregnancy problem). As for the 
control group was not given anything, and due to ethical 
considerations at the end of the study pregnant women in the 
control group was given special milk for pregnant women.
Primary data were collected by interview using a 
questionnaire for socio-economic data and a 24-hour recall diet, 
anthropometric measures for nutritional status, and measurement 
of hemoglobin with cyamnethemoglobin method. As for the 
secondary data such as socio demographic conditions, 
geography, and other relevant data (state of health centers and 
facilities) were obtained from the health center.
2.3 Data Analyses
Data processing was performed using Food Processor (W- 
Food) and SPSS 16 for Windows. W-Food is used to process the 
data to obtain a recall nutrient intake results, are presented in the 
table with a scale interval (mean value) as well as data about Hb 
levels and body weight. Data on socio-economic characteristics 
of the subjects are presented in frequency distribution tables with 
ordinal scale, except for the age data , family size and length of 
education, with a scale interval (mean value). To determine the 
effect of egg and nutritional counseling, we use statistical 
analysis, univariate and bivariate analyzes.
2.4 Quality Control
Quality control was used to improve the internal validity of 
the study results, the entire research process from preparation, 
execution, until the stage of data processing. Standardization of 
quality control in the form of interviewer training, 
standardization of instruments, field supervision, treatment 
procedures, and the implementation phase.
2.5 Ethical Consideration
The pregnant women and or the guardians as well as the 
health staffs were requested as the respondent signed an 
informed consent letter prior to inclusion in the research. 
Confidentiality of initial information and freedom to withdraw 
from the study anytime was stipulated and without any force 
from the third parties. Those found to have health concerns will 
be provided with the appropriate management and informed 
secretly, as necessary.
III. RESULTS
3.1 Mothers Characteristics
Table 1 illustrates that the age of the treatment group and the 
control group is relatively homogeneous, the largest at the age of 
21-30 years. The treatment and control groups are equal at the 
age of 21-30 years each for 18 people (60%). Aged 17-20 years 
were 9 people (30%) in the treatment group and 6 (20%). For 
gravidity, most respondents have one, namely 15 persons 
(50.0%) for the treatment group and 11 (36.7%) in the control
group. Most of the respondents do not have children yet, either in 
the control group or in the treatment groups, that are 15 (50.0%) 
and 11 (36.7%), so mostly this is the first pregnancy, in the 
treatment group = 15 (50.0%) and 11 (36.7%) in the control 
group. The fourth pregnancy was the smallest either the 
treatment group or the control group 1 (3.3%) and 3 (10.0%). 
Pregnant women who have never given birth have the most 
percentage in both groups: 15 (50.0%) and 11 (36.7%).
At the pre test, the mean body weight and height of pregnant 
women respectively 45.83 ± 4.92 kg and 151 897 ± 4.6095 cm in 
the treatment group, whereas in the control group were 47.95 ± 
4.95 kg and 152 933 ± 5.3875 cm. The average of Upper arm 
circumference measurement were 22.0330 ± 1.1435 cm in the 
treatment group and 22 543 ± 1.0398 in the control group. 
Statistical analysis using Independent t-test, showed that height, 
weight, upper arm circumstance of pregnant women between 
treatment and control groups were not significantly different (p>
0.05). ’
Table 1. Distribution of respondents by age, gravid and 
parity
Characteristics
of
Respondents
Groups
Total
Intervention
(n=30)
Control
(n=30)
Age groups
(year) 9 (30.0%) 6 (20.0%) 15 (25%)
17 - 20 18 (60.0%) 18 (60.0%) 36 (60%)
2 1 -3 0 3 (10.0%) 6 (20.0%) 9 (15%)
>31
Gravid
1 15 (50.0%) 11 (36.7%) 26(43.3%)
2 10(33.3%) 9 (30.0%) 19(31.7%)
3 4 (13.4%) 7 (23.3%) 11(18.3%)
4 1 (3.3%) 3 (10.0%) 4(6.7%)
Parity
0 ’ 15 (50.0%) 11 (36.7%) 26(43.3%)
1 10 (33.3%) 9 (30.0%) 19(31.7%)
2 4 (13.4%) 7 (23.3%) 11(18.3%)
3 1 (3.3%) 3 (10.0%) 4(6.7%)
Nutritional
Status 151.897±4.6095 152.933±5.3875 0.427
Mean of 45.83±4.92 47.95±4.95 0.566
height (cm) 22.0330±1.1435 22.543±1.0398 0.74
Mean of
weight (Kg)
Mean of upper
arm
circumstance
2. Weight between groups before and after giving eggs and 
nutritional counseling
After two months of treatment the results showed that, there 
are significant differences in both groups. In the pretest, the 
average body weight of the treatment group was 45.83 ± 4.92 kg 
changed to 48.84±5.55 kg. Statistical analysis using paired t-test 
results showed that there were no significant differences between 
before and after treatment (p = 0.000 < 0.005). Similar results
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were also found in the control group, where in the pre- test the 
average body weight were 47.95 ± 4.95 kg changed to 
49.74±5.38 kg, the results of paired t test showed that there is a 
significant differences between before and after two month 
treatments (p = 0.000 < 0005).
If we compared between the treatment and control groups, 
the results showed that, there were an increase of average body 
weight. The average increase of body weight in the treatment 
group was higher (3.0167 ± 1.87839 kg) compared with the 
control group (1.8000 ± 1.66412 kg). Statistical analysis results 
using an independent sample t- test, showed that there is a 
significant difference between the average body weight in the 
treatment group and the control group (p= 0.020 <0.05). Table 6 
shows the rate of increase (velocity) in the treatment group was 
6.5%, whereas in the control group was 3.7%. Thus the rate of 
weight gain based on a percentage of the treatment group two 
times greater than the control group.
Weight gain with sufficient status increased in the treatment 
group from 14 people (46.7%) to 22 people (73.3%). In contrast 
to the control group, number of mother who have sufficient 
weight decreased from 11 respondents (36.7%) to 10 (33.3%) 
and the number of respondents who had less weight only increase 
from 19 people (63.3%) to 20 people (66.7%).
Table 2. Weight Gain in trimester II and III between groups
Groups
Gain Weight (GW)
Intervention Control
Trimester II (n=ll) (n=ll)
Enough 8 (72.7%) 5(45.55%)
Less 3(27.3%) 6(54.5%)
Trimester III (n=19) (n=18
Enough 14 (73.7%) 5(27.8%)
Less 5(26.3%) 13(72.2%)
Mean of WG on 2nd 
Trimester 2.6273±2.17720 1.8545±2.32953
Mean of WG on 3rd 
Trimester 3.2422±1.70435 1.9000±1.91004
Table 2 showed that, gain enough weight in the second 
trimester was higher in the treatment group 72.7% compared to 
the control group 45.55%. In the third trimester sufficient gain 
weight status was also higher in the treatment group 73.7%, 
while in the control group = 72.7%. The average weight gain 
trimester 2 and 3 were higher in the treatment group, respectively 
2.6273 ± 2.17720 and 3.24221 ± 1.70435 kg compared to the 
control group 1.8545 ± 2.32953 and 1.9000 ± 1.91004 kg.
3. Differences in hemoglobin levels between groups before 
and after giving eggs and nutritional counseling
Table 3 shows that there were no treatment effect on 
maternal hemoglobin levels, even decreasing hemoglobin 
significantly in both groups. In the treatment group the average 
Hb levels at pre-test were 10,87 ± 1,27 g/dl decreased to 10,13 ± 
1,24 after treatment, paired t-test results showed that, there were 
a significance differences in Hb levels between before and after 
treatments (p = 0.008 < 0.05). Similar results were also found in 
the control group, Hb at pre-test were 11, 04 ± 1, 03 g/dl 
decreased to 10,: 11 ± 1,09 g / dl, the results of paired t test 
showed that there were a significant change (p = 0.000 <0,05).
Comparing between the treatment and control groups, the 
results of the study showed that, the average decrease in HB 
levels higher in the control group (-0.9367 ± 1.19409 g / dl) than 
in the treatment group (-0.7433 ± 1.42095). Statistical analysis 
results with an independent sample t- test showed that, there is no 
difference between the mean decrease in hemoglobin level 
between before and after treatment (p-value= 0,571 > 0.05). 
Table 6 shows the rate of increase (velocity) in the treatment 
group was -6.8% of initial Hb. Whereas in the control group - 
8.4% of initial Hb. Thus the percentage rate of Hb decline were 
greater in the control group than the treatment group.
Table 3. Differences in hemoglobin levels in the beginning 
and end of the study between groups
Groups Hb(begining) Hb (End)
P
Value
The mean 
decrease
Intervention (n=30) (30) (n=30)
10.87±1.27 10.13±1.24 0.008a 0.7433±1.42095
Control (30) (30) (n=30)
11.04±1.03 10.11±1.09 o.ooo3 0.9367±1.19409
P Value 0.566b 0.948b 0.571b
4. Nutrient intake between groups
Description of nutrient intake of pregnant women showed in 
Table 4, at pre-test the average energy consume were below from 
the recommended average nutritional adequacy rate. Although 
not suitable with the recommended average nutritional adequacy 
rate, energy consumption before and after treatment in the 
treatment group were significant. The average energy 
consumption at pre-test were 882.33±273.455 kcal changed to 
1817.4±762.616 kcal.
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Table 4. Energy intake before and after Intervention in both groups
Groups EnergyBefore
Energi
After
P-
Value Mean Increase
Intervention (n=30)
882.33±273.455
(30)
1817.4±762.616 o.ooo3
(n=30)
900.35±705.025
Control (30)1137.43±628.334
(30)
1195.9±432.850 0.4663
(n=30)
58.4667±433.22
p-Value 0.046b 0.000b 0.000b
The results of paired t- showed that there is a significant 
differences between before and after in the treatment group (p =
0.000), while In the control group there was no significant 
differences in energy consumption before and after treatment (p 
= 0466). The average increase in energy intake was higher in the 
treatment group (900.35 ± 705 025 kcal) compared to the control 
group (58.4667 ± 433.22 kcal). The mean increase in energy 
intake was significantly different (p = 0.000). Table 6 shows the 
rate of increase (velocity) in the treatment group was 105.9% of 
the initial energy. Whereas in the control group 5.1% of the 
initial energy.
Table 5 illustrates the protein intake in the intervention 
group increased from 16 616 to 31 543 gr. The average Increased 
of protein intake in the treatment group before and after 
treatments was significantly difference (p = 0.000), unlike in the 
control group, protein intake were decrease from 23 116 g to 
20.7567 grams, but there was no significant difference (p =
0.563) of protein intake in the control group before and after 
treatments.
Table 5. Protein intake before and after treatment Intervention in both groups
Groups Protein
Before
Protein
After
P-
Value Mean Increase
Intervention (n=30) (30) (n=30)
16.616±11.617 31.543±16.962 o.ooo3 14.9267±18.27
Control (30) (30) (n=30)
23.116±19.686 20.7567±11.77 0.5633 2.3600±22.1144
p-Value 0.125b 0.006b 0.0022
a = paired t test b = independent ttest
Table 6 shows the rate increase (velocity) of protein intake 
in the treatment group was 89.8% of the initial protein. Whereas
Velocity (%) 6.5 3.7
in the control group -10.2%. Thus the percentage rates of 
increase of protein intake in the treatment group were 91 times 
greater than the control group.
Hemoglobin 
Mean before (mg%) 
Mean After (mg%) 
Velocity (%)
10.87
10.13
-6.8
11.04
10.11
-8.4%
Table 6. Weight Velocity, hemoblobin, energy, and protein 
intake before and after treatment in both groups
Energy
Mean before (kcal) 
Mean After (kcal) 
Velocity (%)
882.33
1817.4
1137.43
1195.9
Intervention Control 105.9 5.1
Body Weight
Mean before (Kg) 45.83 47.95 
Mean After (Kg) 48.84 49.74
Protein
Mean before (g) 
Mean After (g)
16.616
31.543
23.116
20.7567
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Velocity (%) 89.9 -10.2
Velocity = (X after -  A' before) /X  before x 100%
IV. DISCUSSIONS
The effect o f egg consumption and nutrition counseling to 
the weight gain o f pregnant women
Weight gain during pregnancy is natural and is essentially in 
accordance with the development of the fetus in the womb. 
Pregnant women will naturally increase the size of the meal 
according to the needs of the increasing nutritional intake. The 
increase in maternal weight gain during pregnancy is influenced 
by various factors, the most important state of nutrition of 
pregnant women and mother’s diet during pregnancy takes place. 
Weight changes before pregnancy and during pregnancy is an 
important clinical parameter to predict birth weight infants. 
Women with low body weight before pregnancy, or low weight 
gain before pregnancy, or weight gain is not enough during 
pregnancy tend to give birth with low birth weight.
In this research weight of pregnant women have done three 
times, namely before treatment (on May), one month of 
treatment (in June) and two months of treatment (in July). The 
results showed that, after one month of treatment, there were a 
significance differences in both groups. Giving eggs and 
counseling in this study did not significantly influence the weight 
gain in pregnant women. This is evidenced by the results of 
statistical tests on the paired t-test in both groups, where there is 
an increase in the treatment group significantly more weight but 
the same tiling also occurred in the control group. Meaning is not 
clear noticeable difference in weight gain of pregnant women 
who receive eggs and counseling with pregnant women who did 
not receive eggs and counseling.
On this phenomenon paired t-test results will provide real 
results will differ but for the efficacy of the treatment of weight 
gain should justify with the results of independent t-tests which 
showed no difference in weight gain between the two groups. 
However, when comparing the difference in maternal weight 
gain before and after treatment, between treatment with the 
control groups, its showed the difference. Maternal weight gain 
in the treatment group (3.0167 ± 1.87839 kg) higher than the 
control group (1.8000 ± 1.66412 kg) and statistically different (p 
= 0.020). ’
Increase in average of maternal body weight for 8 weeks in 
the treatment group was 3,01 kg. Thus each week maternal 
weight gain on the average 0,37 kg. In the second trimester the 
average maternal weight gain of 2.6 kg in the treatment group 
mean body weight per week on average trimester 2 is 0,32 kg. In 
the third Trimester, mean 3,24 kg weight gain per week means 
the average maternal weight gain 0.4 kg. According to the Brown 
(2005), normal weight gain around 0,35 to 0,40 kg per week 
during the second and third trimester of pregnancy. Overall 
weight gain per week including 0:37 normal criteria, while for 
the second trimester maternal weight gain below the normal 
criteria. In the third trimester of pregnancy weight gain pregnant 
women including normal criteria. This results is in accordance 
with the Arisman (2004) , that weight gain on second and third
trimester around 0,34 to 0,50 kg per week is still within normal 
limits.
In the control group the average weight gain of pregnant 
women as a whole is 1.8 kg for 8 weeks. Thus the weight of an 
average of 0.2 kg per week. For the 2nd trimester the average of 
maternal weight gain 1.85 kg mean weight average of 0,23 kg 
per week. For the third trimester the average weight gain of 1.9 
kg, mean weight average of 0:24 kg per week. Thus maternal 
weight gain in the control group both overall. Gain weight 
increase in trimesters 2 and 3 are less or below the Indonesian 
Health Department criteria that range 0,35 to 0,40 kg per week. 
Weight gain is also incompatible with Arisman (2004) is 0,34 to
0,50 kg per week.
Maternal weight gain in the treatment group as a whole was 
higher than the control group. Gain weight increase in the control 
group as a whole is in compliance with the criteria and is 
expected to reduce the risk of low birth weight, quitting growth 
in uterus and perinatal death. Pregnant women in the control 
group at risk of having a baby with low birth weight (LBW) due 
to low birth pregnant women suffering from malnutrition during 
the last week of LBW infants at risk of giving birth this caused a 
lot of fatty tissue deposited during the third trimester.
According to Harisawaty Research (2008), nutritional 
counseling given to pregnant women during two months will 
give an effect to maternal weight gain in pregnant women, the 
average increase was higher in the treated group than the control 
group despite of these increase did not differ significantly. This 
is consistent with the results of the Kafatos et al study (1989), 
which states that nutritional counseling during pregnancy can 
increase the nutrient intake and weight gain of pregnant women. 
Similarly, research results of Taddaga (2006) that, giving local 
MP-ASI (yolk) effect on weight gain and nutritional status of 
infants aged 6-11 months. Weight gain in pregnancy is caused by 
the products of conception such as the placenta, fetus, and the 
amniotic liquor of his own mother the uterus and mammary 
enlarged, increased blood volume, increased protein and fat, as 
well as the retention of blood. Weight gain during pregnancy 
influence fetal growth in the womb mass.
During the first trimester, the range should be 1-2 kg weight 
gain and for the second and third trimester of approximately 0.34 
to 0.5 kg per week. Weight gain <0.5 kg during the second 
trimester third trimester moreover, is clearly not enough and can 
increase the risk of low birth weight, quitting the growth in the 
womb, and perinatal death. Although the rate of maternal weight 
gain in the second and third trimester is basically the same, and 
the accumulation of capital portion of fetal tissue accretion does 
not take place simultaneously. Component accretion occurs in 
the mother's body during second trimester. While the fetus and 
placenta as well as the addition of amniotic fluid takes place very 
rapidly during the third trimester.
At the end of the study, the difference in weight gain 
between the treatment and control groups was not significant by 
unpaired t test. However, if viewed from the weight of each week 
there is a marked difference between the treatment groups with 
the control group, in which the weight gain in the treatment 
group including normal criteria in accordance with the criteria set 
by the Ministry of Health, whereas in the control group or the 
less weight gain than under normal criteria. So there is a 
significant difference in weight gain in the group gets the eggs
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and nutrition counseling over the control group. The proportion 
of pregnant women of less weight gain be sufficient in this study 
are more common in the treatment group compared to the control 
group 62.5% 31.5%. It is proved that a real improvement in the 
status of less weight gain, very good on pregnant women are 
given eggs and nutritional counseling than women who did not 
receive eggs and nutritional counseling. Even in this research 
note that the proportion of women who initially gain enough 
weight and become less high in the control group 63.6% 
compared to 14.2% treatment group.
Velocity is a parameter to assess the rate of increase in a 
variable than initial conditions. Velocity in the treatment group 
significantly better than the control group, so it can be proven 
that the trend towards an increase in body weight change better if 
the expectant mother is given an egg and nutritional counseling. 
This is consistent with the expectation that if the egg and 
nutrition counseling given to pregnant women malnutrition will 
cause pregnant women are able to increase their weight in 
accordance with the criteria of maternal weight gain and 
ultimately not expected that children who are bom LB W.
The effect o f egg consumption and nutrition counseling to 
pregnant women for elevated levels o f hemoglobin
After giving the eggs for 60 days and counseling in the 
treatment group and the control group did not receive anything, it 
is showed a significant decrease in hemoglobin levels in both 
groups. Decrease in hemoglobin levels in the control group was 
higher than the treatment group. Decrease in hemoglobin levels 
in the treatment group was -0.7433 ± 1.42095 g/dl, while in the 
control group -0.9367 ± 1.19409 g/dl. Pregnant women who 
suffer from anemia also increased at the end of the study in both 
groups, 46.7% to 73.3% in the treatment group and 33.3% to 
63.3%inthe control group, respectively.
The statistical analysis results showed that, the provision of 
eggs and nutritional counseling could not increase hemoglobin 
levels in pregnant women. Maternal hemoglobin levels decreased 
even better in the treatment group and the control group, so that 
the number of pregnant women suffering from anemia has 
increased after the intervention. This is caused by several factors, 
including increased iron requirement in pregnancy and the lack 
of good iron intake from foods and iron supplements. The rate of 
decline in hemoglobin levels in the control group is -8.4% higher 
than the treatment group compared to the initial Hb is -6.8%. 
This means that with the intervention of the eggs and nutritional 
counseling cannot suppress an increase in cases of anemia. 
Decrease in Hb levels of pregnant women caused due to blood 
volume during pregnancy nearly full-term, the blood volume will 
increase by 45% above the non-pregnant woman. This increase 
occurs because the enlarged of uterus which is needed for fetus, 
placenta and blood svolume expansion.
Iron is needed by pregnancy woman much more than non 
pregnant woman. Iron in pregnant women is needed in addition 
to losing basal meet, also for the formation of red blood cells as 
well as the growing fetus and placenta. Iron needs at each 
trimester of pregnancy vary. In the first trimester, iron 
requirement is lower than the period before pregnancy; the 
pregnant woman is not menstruating due to the fetus and not 
need a lot of iron. Ahead of the second trimester iron needs
began to increase. At this time occurred in the number of red 
blood cells, which will continue until the third trimester. 
Hemoglobin concentration decreased during the second trimester 
to reach an average of 1 g/dl. Anemia is cause by physiological 
plasma volume increases far above the increase in the number of 
red blood cells. In the second and third trimester pregnant 
women need iron in significant amounts, which cannot be 
obtained only from food alone. Therefore, in the second and third 
trimester, pregnant women should get an extra iron in the form of 
iron supplementation.
Decrease in hemoglobin levels in pregnant women due to a 
lack of iron intake from both food and supplements. Pregnant 
women who received iron tablets only 16 person (53.3%) in the 
treatment group and in the control group was 19 (63.3%). 
Pregnant women who received iron tablets in the treatment group 
(7.87 ± 10,194) and the average taken iron tablets (5.8333 ± 
8.86327), while the control group mean given iron tablets (6:21 ± 
7,729) and iron tablets consumed (4.8333 ± 6.16488) for 
intervention. Consumption of iron tablets to pregnant women 
should be 90 tablets recommended during the pregnancy. So, 
every day for three month pregnant women are required to take 
one iron tablet. Low consumption of iron tablet will cause high 
risk of suffering from anemia, iron is necessary for the formation 
of hemoglobin in the spleen. Deposits of iron in the spleen and 
muscle were mobilized for the purposes of the body such as the 
formation of hemoglobin. So the lower the consumption of iron 
tablets followed by low levels of hemoglobin and vice versa 
higher consumption of iron tablets followed by increased levels 
of Hb. These results are also consistent with studies of Daud 
(2004) in Takalar where the prevalence of anemia decreases from 
80% to 20% after administration of iron and zinc tablets.
Next, Aashima (2006) in her study revealed that, counseling, 
motivation and periodic reinforcements to take the iron 
supplements daily and regularly resulting in improved 
compliance to iron supplements, combined with the 
improvements in the dietary intake especially the GLVs 
consumption resulted in improved mean hemoglobin levels of 
the subjects in the intervention group as compared to control 
group. Some other studies have also shown that regular daily 
supplementation of iron and folate to pregnant women can 
significantly contribute to reduction in anemia prevalence 
(Gopalan 2003). Counseling micronutrient and supplementation 
may improve hemoglobin and dietary intake of pregnant woman 
(Hapzah, 2013). In addition to a lack of iron tablet consumption 
mean intake of iron from food is also less i.e. (5.9057 ± 6.0096 
mg) or 15.1% of the RDA in the treatment group and (3.0807 ± 
1.2681mg) or 7.8% of the RDA in the control group. Iron 
consumption figures according to the recommended dietary 
allowance is 39 mg. Food supplement is given to pregnant 
women that the iron content of eggs is only 0.66 mg (1.8% of the 
RDA), so it cannot meet the daily iron needs. Daily dietary 
intake of iron is less supported by low socioeconomic so that 
access to food, especially protein and fruits are very less. The 
results of this study found that, the average iron consumption is 
still far below the normal value (<50% RDA), this suggests that 
the consumption of foods that contain less iron continuously can 
cause anemia in pregnant women because of increased demand. 
The Increasing of gestational age the amount of iron needed is 
also higher in the first trimester (26 mg), second trimester (35
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mg), and in the third trimester (39 mg). Increased iron 
requirement in pregnancy and iron intake resulted in less number 
of anemia in pregnant women is increasing at the end of the 
study, from 46.7% increased to 73.7% in the treatment group and 
increased from 33.3% to 63.3% with anemia in the control group. 
Pregnant women with less chronic energy is a risk factor for 
anemia . Respondents in this study were pregnant women who 
suffer from PEM have the opportunity to develop anemia. This is 
consistent with research results of Darlina et al (2003) in Bogor, 
pregnant women with PEM likely to suffer from anemia, 2.76 
times greater than that no PEM. A high percentage of women at 
20 to 26 weeks of pregnancy had mild to moderate anemia. Pica, 
tea consumption, and low intake of eggs and red meat were 
associated with anemia. Women of childbearing age should be 
provided nutritional education regarding food sources of iron, 
especially prior to becoming pregnant, and taught how food 
choices can either enhance or interfere with iron absorption 
(Naila Baig-Ansari, 2008)
The effect o f egg and nutrition counseling to pregnant women 
to increase energy and protein intake
One egg containing energy ± 85 kcal, protein 6.9 g, calcium 
28, magnesium 6, Fe 0.66, phosphorus 95, 24, and folic acid 
Vitamin A 105. Eggs are given for 60 consecutive days. In 
addition to egg, treatment groups were also given counseling. 
Whereas the control group did not receive anything.
Nutrient intake is one of the direct causes that affect the 
nutritional status of pregnant women. Intake of these nutrients 
depends on the availability of food in the household and feeding 
behavior of pregnant women. In the treatment group, there was a 
significant difference of energy and protein intake before and 
after treatment (p = 0.000). Whereas in the control group, energy 
and protein intake before and after treatment was no significantly 
difference (p = 0466) and energy intake (p = 0.563) protein 
intake. Even decreased protein intake in the control group at the 
end of the study. The increase rate of energy intake is 105.9% 
and 89.8% of protein intake in the intervention group while the 
control group 5.1% -10.2 energy intake and protein intake, of 
these results look very much difference in energy and protein 
intake between the treatment and control groups. The rate of 
increase in energy intake in the intervention group was 21 times 
greater than the control group. Eggs and nutritional counseling 
provision affects the increase rate of energy and protein intake of 
pregnant women.
Giving eggs and nutrition counseling to pregnant women 
affects the increase in energy and protein intake. This is 
consistent with studies of kafatos et al. (1980), which is states 
that nutritional counseling during pregnancy can increase the 
nutrient intake of pregnant women. The results showed that 
nutritional counseling and provision of eggs may increase 
nutrient intake of pregnant women. Harisawaty Research (2008) 
in RSB Pertiwi found that, nutrition counseling in pregnant 
women increases the amount of energy and protein intake 
significantly.
Energy intake of pregnant women is closely related to the 
growth of the fetus, it is recommended that pregnant women can 
increase the number of calories by 300 kcal in the second and 
third trimesters to determine the adequacy of the amount of
energy consumed by pregnant women can be done with a 24- 
hour food recall and monitoring maternal weight gain (Hadju et 
al, 2002). Then, Lagiou (2004) study implied that there is a 
relationship between the regulation of energy intake with 
maternal weight gain at the end of the second trimester (p 
=0.006). Results of other studies suggest that there is a 
relationship between the intake of nutrition counseling for 
pregnant women (p< 0.05) (Sacco, 2003). Bennudez-Millan et 
al.(2009) showed that eggs and egg-containing traditional dishes 
are consumed by Latinas before and during pregnancy. Egg 
consumers had higher intakes of protein, fat, vitamin K, vitamin 
E, selenium, beta carotene, lutein and zeaxanthin, cholesterol, 
total polyunsaturated fatty acids, and docosahexaenoic acid. Eggs 
contribute significantly to the diet of pregnant Latinas. For 
example, research continues to support a role for omega-3fatty 
acids in the proper neurological development of the fetus and 
child (Makrides 2008). These findings are fully consistent with 
the fact that eggs are a good source of at least 11 essential 
nutrients (Hasler 2000). Similar to our study. Song and Kerver 
(2000) found that eggs were an important contributor to nutrients 
in the diets of Americans. Eggs contributed significantly to the 
intake of several essential nutrients, even after adjusting for 
energy intake. Pregnancy causes increased energy metabolism 
because it needs energy and other nutrients increases during 
pregnancy. Increased energy and the nutrients required for the 
growth and development of the fetus, increasing the magnitude 
of organ content, composition and metabolic changes in the 
mother's body. So the lack of certain nutrients needed during 
pregnancy can lead to fetal growth is not perfect. For pregnant 
women, basically all require additional nutrients, but is often a 
lack of energy, protein and some minerals like Iron and Calcium 
(Lubis, 2003).
As with energy, protein needs of pregnant women will also 
increase, even reach 68% of pre-pregnancy. The amount of 
protein that should be available until the end of pregnancy is 
estimated as many as 925 g stays in the mother, placenta, and 
fetus (Lubis, 2003). Calorie intake required for adult pregnant 
women about 2200 kcal and 67 g protein. Energy intake in the 
treatment group and 80% protein 60% of the RDA while a 
control group of energy and protein intake respectively 54.31% 
and 30.8% of the RDA. Energy intake in the treatment group 
with sufficient status increased in the treatment group while the 
control group no change before and after treatment. On protein 
intake with sufficient status increased from 0% to 10% while in 
the control group with a status sufficient protein intake decreased 
from 10% down to 0%. Energy and protein intake below the 
RDA are caused by the economic status of respondents either in 
the treatment group or control group including less. Although the 
energy and protein intake are still below the RDA, but in the 
treatment group there was a significant improvement. Giving 
eggs and nutritional counseling could affect the protein and 
energy intake of pregnant women.
Pregnant and lactating women require additional dietary 
protein to support the growth and development of the infant. 
Recommendations for protein are increased by 14 grams a day 
during pregnancy, and an extra 21 grams a day is recommended 
during lactation (National Health and Medical Research Council, 
2006). A serve of eggs (One serve = 2x60g eggs (104g edible 
portion) provides 12.7 grams of protein, accounting for almost
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100% of the additional protein requirements during the 2nd and 
3rd trimesters of pregnancy. The protein in eggs provides all the 
essential amino acids and is of a high bioavailability, which 
makes them a particularly useful source of protein during 
pregnancy and lactation (FAO/WHO, 1991)
V. Conclusion
Maternal weight gain in the treatment group and the control 
group, before and after treatment increased significantly. Weight 
gain greater in the treatment group over the control group, the 
magnitude of weight gain different significantly. Blood 
hemoglobin levels of pregnant women treated group and the 
control group, before and after treatment decreased significantly. 
The control group experienced a decrease higher than the 
treatment group, but not significantly different. Amount of 
energy and protein intake of pregnant women in the treatment 
group increased significantly while in the control group, the 
energy and protein intake does not increase significantly, 
decreased protein intake even at the end of the study. Thereby 
giving the eggs and nutritional counseling affect an increase in 
energy and protein intake of pregnant women.
Suggestion
Each health center suggested to implementing nutrition 
counseling for pregnant women who has protein energy 
malnutrition (PEM) and from poor families can receive special 
attention so that the prevalence of maternal anemia and could be 
reduced. This research is still necessary to continue to monitor 
pregnant women until give birth to determine the outcome of 
pregnancy as a result of eggs consumption and nutritional 
counseling.
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Investigation on PMSG based Variable Speed, Vertical 
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Abstract- This paper represents a investigation on variable speed 
wind energy generating systems using Permanent magnet synchronous 
generators (PMSG) and the investigation of reasons of poor power 
quality issues related with grid connected wind farm. Such issues can be 
Steady state voltage rise, voltage flicker, harmonics, frequency 
deviations, impact of low power factor. Also gives brief idea about 
power electronics converter topologies and its control techniques.
Key words- Wind energy generation, Power quality, Permanent 
Magnet Synchronous generator, Power Converters, Control
I. INTRODUCTION
Today with the increasing demand of electrical power due to 
fast rise in Industry, IT sector etc need of pollution free and low 
cost energy source, lead to the use of renewable energy. 
Renewable energy resources such as solar, flowing water, 
biomass, wind etc are intermittent in nature. Among all the 
renewable sources, wind has been utilized as a source of power 
generation since it is being most economical, clean and emission 
free technology [l].Wind costs are much more competitive with 
other generating technologies because there is no fuel to 
purchase and minimal operating expenses. Essentially wind 
energy is a by-product of solar energy, available in the form of 
kinetic energy of air.
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Fig 1 statistical data of wind capacity in the world
The statistical data[2] of installed capacity of wind in the 
world according GWEC is given in fig l.The development of 
wind energy in India began in 1990’s and significantly increased 
in the last few years. In the past 20 years the size of wind 
generators and the wind plant size increased significantly. The 
variability of wind power can create problems for the traditional 
grids in maintaining a supply and demand balance. Most of the
wind farms in India are located in remote areas that are quite for 
away from load centers. This is one of the key constraints for the 
future of wind power development in the country. According to 
American Wind Energy Association 1MW of wind generated 
power can supply electricity to approximately 240, to 300 
households per year.
This paper reviews the PMSG based Variable Speed, Vertical 
axis Wind Energy Generating System and it is organized as 
follows. Section II describes about wind energy conversion 
systems. Section III presents about power electronic converter 
topologies and its control strategies. Section IV describes about 
power quality issues, finally in Section V, and the conclusions 
are drawn.
II. WIND ENERGY CONVERSION SYSTEMS
A. Wind Power Characteristics.
The main component of wind energy conversion system is 
illustrated in Fig.2 including turbine blade, a gear box, PMSG, 
Converter, DC-DC converter. Inverter, Control circuits. Filters, 
Electrical cables. Ground support equipment and interconnection 
equipment, tower that supports the rotor and drive train. Wind 
turbine capture power from wind by means of turbine blades 
(which converts the energy in the wind to rotational shaft 
energy) and convert it to mechanical power. Wind at any speed 
can be captured and it is transformed into AC voltage with any 
frequency.
Fig 2.Main components of WECS
The ability of a wind turbine to extract power from wind is a 
function of three main factors:
• Wind power availability
• Power curve of the machine
• Ability of the machine to respond to wind 
perturbations.
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The power contained in wind is given by the kinetic energy of axis wind turbines are less efficiency, complicated maintenance, 
the flowing air mass per unit time as follows large land occupation.
P0=l/2(air mass per unit time) X (wind velocity)2
= 1 / 2  p A  Voo3 01 p0: Power
contained in wind (in watts),
p: Air density,
A: Rotor area in (square meter)
Voo; Wind velocity without rotor interference, ideally infinite 
distance from rotor in meter per second.
The factors affecting power output are wind speed, air density, 
altitude. Temperature, Tower height. Type of generator, number 
of blades. Blade size. Rotor efficiency. Gear box efficiency, 
wind speed distribution.
B.Classification of wind energy conversion systems:
(i)According to Wind Speed:
(1) Moderate: 6.4 to 7 m/sec (wind turbine class IV)
(2)Good: 7.5m/sec (wind turbine class III)
(3)Excellent: >7.5 m/sec (wind turbine class I or II, III)
(ii)According to Output Power:
(1) Small size: Up to 2 KW
(2)Medium Size: 2 -100KW
(3)Large size: 100KW and above.
(iii)According to Rotational Speed of Aero turbines:
While considering the rotational speed of Aerodynamics the 
wind energy generating systems can be classified as
(1)Fixed speed wind energy generating system
(2)Variable speed wind energy generating system
The wind energy generator design goes on changing from 
fixed speed to variable speed because of the higher energy gain 
and reduced stress [3], improve efficiency and power quality 
.active and reactive power can be controlled easily and less rapid 
power fluctuations.
(iv) According to the orientation of the wind turbine:
While considering the orientation the wind turbines are 
classified into two types,
(1)Horizontal axis wind turbine (HAWT)
(2)Vertical axis wind turbine (VAWT).
A horizontal axis machine has its blades rotating on an axis 
parallel to the ground. A vertical axis machine has its blades 
rotating on an axis perpendicular to the ground. There are a 
number of available designs for both and each type has certain 
advantages and disadvantages. However, compared with the 
horizontal axis type, very few vertical axis machines are 
available commercially. Now days 95% of the existing turbines 
are horizontal axis wind turbines. The advantages of HAWT are 
able to produce more electricity, much lower cyclic stresses and 
yaw mechanism is not required. The disadvantages of vertical
C.Generators in Wind Turbine Systems
Four types of generators generally find application in wind 
power plants; Doubly-fed induction generator, geared/gearless 
squirrel gage induction generator, geared/gearless wound-rotor 
synchronous generator and Permanent magnet synchronous 
generator. Direct driven based multiple pole PMSG which are 
very suitable for large scale wind power plant because of its light 
weight and small size in construction, great yield, noise 
reduction, good reliability, low loss and higher efficiency, no 
additional power supply and no need of gear box [4],Such 
PMSG may be divided into several types, those with surface 
mounted magnets, those with buries magnets, and those with 
damper winding [5]
III. CONVERTER TOPOLOGIES AND ITS CONTROL 
STRATEGIES
A. Power Electronics for Variable Speed Wind Turbines
Wind power is characterized by its stochastic nature. Wind 
speed changes continuously along with it the energy flow. A 
Variable speed wind machine is able to extract significantly 
more energy than a constant speed machine. The grid connection 
of wind generators is essential to exploit their potential. 
However the generated power, voltage and frequency from 
variable speed wind machine changes with wind speed. The 
variable voltage variable frequency system requires efficient 
power electronic AC-DC-AC converters for interfacing with 
utility system, where AC-DC converter is used to convert AC 
voltage with variable amplitude variable frequency to constant 
DC voltage. This DC voltage is again converted into AC voltage 
with constant amplitude and constant frequency using DC-AC 
inverter. Thus a power electronic converter controls and shapes 
electrical output. Converters using power electronic devices 
have good dynamic performance, and can provide high quality 
sine wave current in the generator and the power network. They 
can also help to control real as well as the reactive power of the 
system. Furthermore when number of wind generators operates 
in parallel, the converters can optimize the output of each 
machine in order to increase the total power output by allowing 
different machines to operate at different speeds.
Power electronic converter systems [6] have different 
topologies shown in Fig 3,4,5,6. They are 
(i)Thyristor grid side converter
1. Back to Back PWM,
2. Generator side uncontrolled rectifier with 
boost converter
(ii)Hard switched grid side converter
(iii)Matrix converter
1. Conventional matrix converter
2. Improved matrix converter
(iv)Multilevel power converter
1. Three level Neutral point diode clamped back 
to back converter
2. Three level H bridge back to back converter.
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3. Five level H bridge back to back converter.
4. Three level Neutral point clamped converter.
(v)Resonant converters
(vi)B4 converters
Fig 3 Multilevel back-to-back converter for direct connection to 
the grid
Fig 4 Two-level back-to-back converters with passive 
rectifier[9]
control such as PID control. Hysteresis control, sliding control 
and soft control such as Fuzzy and Neural network.
IV. POWER QUALITY ISSUES
Electrical Power quality is the degree of any deviation from 
nominal values of the voltage magnitude and frequency. Power 
quality has become important issue over the last decade. It 
depends on connection of wind energy generating system with 
grid. Such issues can be Steady state voltage rise, voltage flicker, 
harmonics, frequency deviations; impact of low power factor. A 
wind turbine normally will not cause
any interruptions on a high-voltage grid. The extensive use of 
power electronics based equipment and non linear loads at PCC 
generates harmonic currents. [8],
The machines and equipments that are affected by harmonic 
effects are capacitors, circuit breakers, conductors, electronic 
equipment, meters, protective relays, rotating machines etc. The 
devices used for eliminating power quality problem are known 
as the Custom power devices [10].They are Static Synchronous 
Compensator, Dynamic Voltage Restorer, and Unified Power 
Quality Conditioner etc. Filters are also integrated with power 
electronic converters to reduce the harmonics. Simple filter can 
be used is the passive filter (LC).Depending upon the order of 
harmonics present in the system the filters are tuned so that 
harmonics are eliminated.
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Fig 5 Two-level back-to-back converters with active rectifier [9]
V. CONCLUSION
This survey paper has given an overview of different variable 
speed wind energy generating systems using Permanent magnet 
synchronous generators (PMSG) and the investigation of reasons 
of poor power quality issues related with grid connected wind 
farm and also presented about power electronics converter 
topologies and its control techniques.
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B.Control strategies for wind energy systems
The controllers which are used to control the switching 
characteristics of power electronic converters. The common 
methods used to control Power Electronic converter [7] are hard
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